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A veling & Porter, Ltd., 


RocusstEr, KEwr, 
and 72, CaNNon STREET, Lompon. 


STEAM ROLLERS. ROAD LOCOMOTIVES. 
STEAM OULTIVATING MACHINERY. 
STEAM WAGONS. TRACTORS. 

CEMENT-MAKING MACHINERY. 


Y arrow & Co., Ltd., 
SHIPBUILDBRS AND RNGINEERS, 
SPEEDS UP TO 45 MILES AN HOUR. 
PADDLE OR SCREW STEAMERS OF 

AL SHaLtow Draveur. 
Repairs on Pacific Coast 
by YARROWS, a. Victoria, aes 


am 
SHIPBUILDERS, SHIP REPAIRERS AND SA 0g 


les Limited, 
ENGINBERS, IRLAM, MANCHESTER. 
FEED WATER HEATERS, eats 
CALORIFIBRS, BVAPORATORS, ? pasmers, 
CONDENSERS, HEATERS 
Merrill’s Patent vIn N STRAINERS for Pump 
SYPHONIA STRAM TRAPS, REDUCING VALVES 
High-Olass GUNMBTAL STBAM FITTINGS. 
ATER SOFTENING and FILTERING, 5723 





AG. Mme TH 


CULVER STREET WORKS, COLCHESTER. 
On ApMinanTy anp Wag Orrice Lists. 


BNGINES for Torpedo Beats, Yachts, Launches, 


BOILBR FEED PUMPS. 
See Advertisement, page 33, last week. 
PATENT WATER-TUBE BOILERS, 


AUTOMATIC FHED REGULATORS. | — 


a Yachts, Launches or Barges| BAts 


And Auxiliary as supplied to ves: 





J ohn H. Witeon& Co.,Ltd. 


Docx Roap, 
Birkenhead. 


Telegrams : 
Ewerrewers, L’Poo., 
Dracus, Vic., Lonpon. 


Steam and Eiectric 


Cranes, 


BXCAVATORS, CRANB-NAVVIBS, 
CONORETE-MIXERS, 
SHIPS WINDLASSES, WINCHES, and 
DECK MACHINSRY. 


GRABS, 


6770 


London Office : 
15, VICTORIA STREET, 8.W.1. 


(Sampbells & Lanter, L* 


SPECIALISTS IN 
Drillers & Boring Machinery 
for Engine Works and Boiler Shops. 


DOLPHIN FOUNDRY, LEEDS. 4547 





Built complete with ea Oil or Bea 
Motors; or Machinery supplied Od 3551 
VOSPER & CO., Lrp., Panam Seige: PoRTSMOUTH. 


(Cochran 


See page 101, May 24. 





MULTITUBULAR AND 
CROSS-TUBE TYPES. 


Boilers. wa 


te or nt td., 
w an | oy I 
S OBWALD 8T., GLASGOW 

CHAMB 


BROAD STREBT SERS, BIRMINGHAM ; 


and LONDON OFFICB— 


WINCHESTER Oty Broap 
LONDON WAREHOUS er Uen tesne er BC. 
LIVERPOOL WARBHOUSB—63, Paraniss Sr. 
HESTER WAREHO Deansoars. 
CARDIFF ae ae hee Bore 8r. 
BIRMINGHAM WAREHO Nu Srxeer, 
SHEEPSCOTE 


CGO? Plaats. Gam 


See Advertisement page 28. 6462 
or Chemical & P eral Water Mire. & 


Plants (jPdxru)|- 
108, Victoria 8. 
alorem, London.” 





Breweries. 
, London, 





atl. of 


« d ftione 
mg B~ and 


toe 


-, Londen, Engiand. 
Address—STs PEL PELY, New Youx. wes: 
New ble Adare 12 A matied on application 


R. Dempster & Sons, Ltd., 


ELLAND, YORKS. 





6812 


Telpherage & Conveying Plants 


_Bee AAvertisomant page 23, =”, May 24th. 


Excavators. 





arine Steam Turbines 


aRsoNs’ PATENT 
JOHN SAMULL WHITE & cox 


‘ipbuilders and 
= ae yr Cowes, LW. 


etter il ngines. 
Petter Oil iagines, 


—— proemronege h Brgineas, Yeovil. 
See our Illustrated Advt. every alternate 


Oraig & Donald, Ltd. "Maskins 


MAKERS, Jonwsronz, near Glasgow. 
For class of Machine Tools see our — 
Advertisement every — week. 


Sree t Metal Gi Gtampings or 


es a] pds wa! ae gy | & FORGES OO. 
Sramer,Guiseow. 6205 


Cicam go (with or 
TOOLS 3 or sifPaOlioane & SoLsRMaiane 
DAVIS 4 PRIMROSS, Limrren, Lara, Rpouunes. 
Brett’ ~ Patent Ls C’ 
Hammers, Presse Presses, 

Bere: Dorli eae Go, lad., 


| eam WINDING na opr Pou COMPRESSING 
| Qtanes Silaetsis Steam, 
BIDpas we and HAND, 
GEORGE DLL he £"C0., Lrb., 























Fen tes 
Widless-Steel Tubes 
nf STE SS on 


6532 
PANY, Lrp., 


FROM 50 TO 600 YARDS PER HOUR. 


D, Whit 


1, Ustow Street, 
LEICESTER, 


= Gripoly “ 


MACHINE BELTING 


FOR 
Driving 


(onveying 


Blevatizg 





Sorz Manvuracrunens 


Levis & Tylor, Ltd, 


CARDIFF. 
Lonpon. MANCHESTER. 


6265 
Guaseow. 


ire eo  Seeeeste 


300.1100, Veatorta 


jee Publicand Private 
NE Dine Dean aeeasheketio, 
Beat London, 8.W. Telegrams—“ onacid, on.” 


(j\rittall. rittall. 


CHEMICAL ANALYSIS. 


Physical Tests.. 

»| Microscopical Examinations. 
Heat Treatment & Pyrometer 
Tests. 

Critical Range Determinations. 
ScaLz or Fees on APPLICATION. 
THE CBITTALL MANUFACTURING OO., Lrp., 
Braurrres, Hesex. 


Ohief Metallurgist, H.S. PRIMROSE. 
(irittall. (jirittall. 
6657 
oparators 


EXHAUST. STRAM 
TURBINES COM 


nate 
i ceps & Co., 


EFFIELD. 











New Chicago Automatics. 


_ Three Sizes, Delivery from Stock. 
NEW CAPSTANS, 1} in, through the wire feed. 


JOHN MAONAB, Many Srreer, Hype. 
Tel. No.: 78 Hyde. 


CHANTIERS & ATELIBRS 
ugustin - ormand 
67, rue de apo HAVEE 





3890 

Destroy: Zereete Boata, ¥ Yachts and Past Boats. 
8u and Submersible Boats. 

NORMAND’S Patent fe Water-ube Boilers, Coal or Oil 


Diesel Oi] Engines. 
IT 


ank Locomotives 
Main Line 

R. & W. HAWTHORN, ( LESLIM & CO., Lep., 

Breureens, 6460 





nas: = hewn ~ Ap rca 
NEWOASTLE-ON-TYNE. 





Trou and Steel 
ubes and ittings. 
+ layla | Seber at 


The Scottish Tube Co., Ltd., 


Heap Orrice: 34, Robertson Street, Glasgow. 





P. & W. MacLellan, Limited, 
OLUTHA WORKS, GLASGOW. 


MANUFACTURERS OF 
RAILWAY OARRIAGES AND WAGONS, 
OF EVERY DESCRIPTION. 


RAILWAY IRONWORK, BRIDGES, ROOFING, &c. 





See Advertisement page 49. 








SS _ 





arrow Patent 


2 he aieteigl Bowers. 


Mussns, YARROW DERTAKE the 
PRESSING and MACHINING of t a of the various parte 
of Yarrow , such as the Steam 
Pockets, and ters for British and 
Firms not ha the 
YARROW & CO., Lrp., Scorgroux, Guaseow. 


ohn Pellamy JT imited, 
J sy gt Fe 
GuneRaL ConsTRUCTIONAL Byeiverrs. 1216 


Boilers,Tanks & Mooring Buoys 


Sriuzs, Perro. T. AIR a 
VEnrtiILarme 
Pirss, Hoppxns, rey tat WOM, Reparms oF 





cAMWAT 


urst, NJ elson & (‘o., ¥ td. 
H cage bye Srock & ee 


He: yom & Co. ‘ 


See Advertisement page 48, May 10. 2402 


G*, and Oil Engine Repairs. 


r.< . SESS Ce, Ca 


wel: 736 and 137 Stratford. 
Gram.: Rapidising, London. 
e —— Railway 


Nadtan oan. en 


biddn Cee Taree. 





17% 





MANUFACTURERS OF 
RAILWAY canes WAGON & TRAMWAY 
CARRIAGE & WAGON IRONWORK, also 
CAST-STBEL AXLE BOXES. 


6539 
Steel Cestings. 





THOMAS SUMMERSON & SONS, Lap., 
DARLINGTON. 6209 


20'S nydreFoumain, Ash Ejector. 
. Clear of vessel. 








WARDED. 
aded 


[pvokiam’s Pa 8 Patent Su 
aan HIUAIEG A GREE oO 
Grain Blevaters, he. 


"See Illus, navi, ea chs pais te 


Rebber 


Hose "span 





MANU PAOTURERS 


GUTTA PBRCHA & RUBBER, LAMITED, 
Toronto Canada. 6702 


(jentrifugels. 


Pott, (iaseels Page 





6246 
See half-page Advertisement page 90, May 17. 


B. & §, Maseoy, kta, 


Sa Hie 


ete) Bend, oars 
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ENGINEERING, 


-sisae 31, 1918. a 








[the Manchester Steam Users’ 
ASSOCIATI 


18) 
ae Users |W neon 


ond Lnbtttes pata ba sass dart 
nst. ° CE., L Mech.E., B&e, 


KNOWLRS ‘Assoc. M. Inst. ©. re. 
MR. T PREPARNS CANDID. ENE! 


Se ok commence at time.—99, Victoria 
St. $0. Westmixster, 8.7 ion * 4189 


MLOE. and A.M.I.M.E. 


A. Tuition. Also Postal Courses in Mechanical 


Design Mathematics.— 
Pubninakons. ss, 264, Oxford Road Manchester. 
APPOINTMENTS OPEN. 








r Wanted for 


te tak 





{i ean, Oiiices of icaf knowledge conta ~ Apply, 


A/S. CHRISTIANIA STAALVERE. 
construction of a new bonnes tons Rolling Mill 
First-class 





For 
WANTS a 


Roti Mill Engi gineer 


STIANIA berry 
Bogt. 25, Christiania, aati: 9 


M°sonave: Engineer, 


QUIRED for Glass W 
; must be good draughteman and 
have en ex Ay Siemens regenerative furnaces 
rpose machines. The 


and the design of — purpose 
pecan. & to handle co and enquirtee for 
terials will be a qual cation for the —State 


experience and salary ired.— Address, 
age. ox of BNGINESRING. —— — 








NEWTON-IN-MAKBRFIELD 
HIGHER BDUOATION COMMITTER. 


JUNIOR TROHNIOAL SCHOOL. 
The Committee ittee require the 


Gervices of a Headmaster of a 


Junior Technical School Ss be oa = fa 
September) and of Bvening 

Applicants should be Graduates (or omy’ eed 
qualifications) v with previous cugestenes of Technical 

ry #£300.— Ap 

cations should be sent, before June 15th, to he 
CLERK to the Ceuncil, Town Hall, Barlestown, 
Laacs, from whom further details may be eas x 








CITY AND COUNTY BOROUGH OF BBLFAST. 
The LIBRARY oot eeee on INSTRUC- 
TION COMMITTEE invite 


AP Pros for the following 


OSITIONS in the Municipal Technica 
Institute, Be 


LEC TORBE in in “PHYSIOS and ELECTRICAL 
BNGINBBRING. Png ge my salary — 3 
onsen. increasing lus gy of 

TOURER - “dy 00 MEROLAL DEPART- 
MENT. Commencing ag? Sa ~¥ 4 annum, 
increasing to £200, plus War Bonus of 

Partiou of Duties and Conditions of Appobdnt- 
ment, together with Forms of Application, may be 
obtained from = —— ned, with a = 
applications, on the spec! ‘orm provi or the 

a. must be lodged not later than Noon on 
Tuceday, llth June, 1918. 

Applications should be accompanied by copies of 
three recent testimonials (original testimonials 


must mot be sent). 
Canvassing wil rf held to di pony ° Candidate. 
FRAS OC, FORTH, c ipl, 
Municipal Teohnical Institute, Belfast. L 645 


Progress | Clerk Required, in 


Bogmeering Works. State age, salary and 
experience. No one already engaged on Govern- 
ment bt or resident more than 10 miles away 
need apply.—Address, L582,Offiees of ENGINEERING. 


lerks, Familiar with En- 
gagement of labour, WANTED for large 
ne works in Midlands, —- applican 
oath experience of engaging labour through Bx- 
changes and possessing init yo eee og 
one ae on Government work ve +4 
- to your nearest HMPLOYMENT 
onkWar, quoting reference No. A 5348 
fice Work in the City, 
suitable for disc soldier, for training 
as estimator; some previous experience useful ; 
facility at ae essential, and able to read and 


understand drawings.—Address, 1L 604, Offices of 
BENGINBERLNG, 


Y\/ anted, Staff Assistant for 


Blectrical Office work in. a Government 
robment at Portsmouth. Applicants to have 
echnical training and ae in the —_ of 


or electrical apparatus. per_y 
oe te BOX 1520, WiILLaNe’ reeds, Bar Strand, London, 

















Moe Trade.—A Firm in the 
Midlands with connection, up-to-date 
works, REQUIRE the SERVIUBS of a GENTLE- 
MAN, thoroughly competent with good engineeri: 
and demand experience, and up-to-date methods 
~~ General Manager. State o age, om qualifications, and 
rience. Good sa! to suit- 
© man.—Adcress, L 649, Offices of ENGINEERING. 


Ward Two Good Sag ae 
Eve aa must Ughtie ' 


uy nines 


np already emplo 





quoting No. A $300. Mo 
on Government work will 


COMMONWEALTH OF AUSTRALIA. 
DEPARTMENT OF OF THB NAVY. 


Ann pee Required, 


—— ae one niginent of Marine 

Making. 

lectetea expe preterred Must be 

rodent perience, | Govermem 
a = & 

roar RHE RUSHN ATIVE, Australia 

ye Strand, W.0. L @e 


A Saistant Works Manager.— 


REQUI ERD, o enyatte Baginew versant 
bn Interaal Combustion Bagines. State eee, 
and Permanency. No Lh 
on Government work or resid 





rience sls 


taman. Apply. 





away need apply.—Address, | No. A 5200. 
INEERING. 





Piitst class Viewer, used to 
Gears for Works. 
H ee ex- 


State wages pane SB and 

Ne person on 

ite —Apply to nearest BMPLOY- 
TSX B, mentioning Nc. A591. L636 


597 full 


Wanted, Chemist, Preferably 


with metallurgical kaowledg to work on 
the production of non-rus and — 
— @ works situated 

with a statement of traini 
and salary required, L 650, Offices of ENGINEERING. 


hemist, Steelmaking, 

vane. Stock converter plant and Heroult 

dw . : phe paige work 

_ . experience, 

bs nA required, veleoonees and oe when free to 

commence duties, to your nearest meters 
EXCHANGE quoting No. A 5227. 

Wanted. 


ace eee (Works) Engineer, for 


~ omy under 
of large ag wed 


— sre and 6 
Botlers, Turbo Generaters, 
Engines, &e. Must have hed 
ug’ ical and practical training and 
ve held a similar position. Previous experience 
in a chemical an advantage. State fullest 
Feguired. with copies of testimonials and oer 
—e ven War Notice.) — Address, L 
INEERING. 


‘Assistant Water Engineer 


WANTED, for the Burgh of 











Vacancy Occurs in the! ( 





Machine Tool Pearce 


REQUIRED for special tools. Good oppor- 
tunity fora rent = smart man. gy factory. 
Re Srerument work need salary. or bem 
already on Government 

oy ee 


Draxght fae Me 


Oana A. et slnshines” or Trenal 





Botcitt wn work will be 


[ool and Plant Draughtsmen 


REQUIRED for urgent aero and motor work 
in progressive Midland works. Permanencies for 
live interested quick men with initiative and 
ability. No person already on Government work 
will be en, Fit ped te your nearest EMPLOY- 

MENT EXC mentioning Ne. A 5316. Lt 


ps ghtsmen Required in 


important munition works. These accus- 
tomed to furnace desi preferred. No one on 
ere work or Mew J more than 10 miles 
pc Bethe Bes yaa mA State experience, age, and 
pply, BOX 134, Advertisi: 
Officss, 84, Ba, Queen Victo 


: St., London, E.0,4. L 65 
raughtsman Re 


uired, with 

good experience in d of Steelworks 
Machinery proteerell, although a tions from 
high-class men with other ence would be 
considered. Noone already on 
will a .—State age, experience and salary 
were and when at liberty, to your nearest 
PLOYMENT EXCHANGE, quoting No. A Koes lin 


Dp 2ughtsmen.— Wanted Two 


Plant Lay-out DRAUGHTSMEN, must be 
used tobying o out plant, not particularly s lized 
in detailing. tions from those with knew- 
ledge of Daitaing construction will be considered. 
Neo one already on Government work will be 











vernment work 








Applications, stating | yey and — = 
quired and accom wea MA testimonials, to 

Defluare the TER GINBER, Manipal 
Bu " 


See War Notice. 


Shift Engineer Wanted to 


take charge of 12-hour shift. Must have good 
experience with Lancashire boilers, turbo alterna- 
tors, and three-phase supply. No one on Govern- 
ment work eligible. Useless to apply unless keen 
—- pean a wages, Sunday time extra, 
ly to your nearest EMPLOY- 

MENT HXOHA GE, quoting reference No. A 5334. 


L 591 
VW Tanted, Competent 








Man 


for supervision of production at 8 in. Pro- 

jectile Factory. Must be energetic, tactful, and 

ow in handling female labour. "Good 

. Anyone at present employed on Govern- 

work need not apply.—Apply, stating sae |s 
experience, and 1eference to your nearest 
PLOYMENT. EXCHANGE, meationing this 

and No. A 6363. A gs9 | Bx 


oa with full details of experience, 
colary —_ +, to your nearest PLOY- 
MENT E CHANGE, mentioning No. A 6360, L598 
wo Centrifugal Pump 
DRAUGHTSMEN WANTED; some ex- 

ence essential. Age over 30, good 

o person wo oti on Government work will be 
ongn ed.—Apply, your nearest EMPLOYMENT 
ANG lenin No. A 5383. L 614 
(Cp able Draughtsman Wanted 
os Machine Tools by firm of Engineers in the 
London district. No person already engaged on 
Government work or resident more than 10 miles 


away will be eng —Apply, stating experience 
and salary, to L 617, Offices of ENGINEERING. 


[)*2ughtsmen.—-Two Wanted, 


by Munition Works on Tyneside, with - 
fortunes in ate of Jigs, Tools and Works Plant. 
ee alread engaged on a —— 

x ply statin e, experience an: 
seNired. to your nearest’ EMPLOYMENT 

GE, mentioning this Journal and L 621. 





ts, 











(‘epable, Well-educated Engi- 
EER, with titiative = Practical ex- 
rienee, to assist in im, t experiments with 
rect injection High Compression Oil Engines. 
Marine experience an advantage but not essential. 
Good prospects for the right man. 
State full expertence, age and salary requ 
No person Jan on Government work will 


your nearest ae 
nfohanan co pB-¥ No. A 5339. 615 
RePixoos etary te Wanted on 
ONDON STAFF by one of the al 

effield firms of » File and Tool Mauu- 
aneue: Should have thorough knowledge of 
the trade and connection.—Apply, giving 
lence and salary required to 
care of Messrs. T. G. 
asieiiieaeet & een Chartered Accountants, 


Church Street, Sheffield, who will supply, in 
confidence, an information required. lican’ 
lenracoslk’ be Leat 


must be inel! e for general mi 

Head Salesman Required, b 
Bngineers’ Merchants, 

porous 86 prepare of Lm en ae na Shp prienlionnl Fm 

For gi Agencies Overseas 

Engineers ere Goede. —~-y age, prexperience = 


lary required. Noonealready eo my 
ae nak ep viaden more than 10 miles ooap 
need apply.-Address, L583, Offices of ENGINEERING. 


4} Vf achine - Tool Assistant/? 


nip At mg for London district. 
ome in hase and sale of modern 
toels. I ~¥ No one a 


ales a mene than 10 calies 
oatary sau Omices of xetracnne. 
Use Wanted, One Ji 


and on See _ INSPECTOR for Tool Room, 


nearest BMP Government ent work wit Fill be ented — einapes. tom 
Winted, Immediately, for 


frat clan Jig and Tool IASPHCTORS. nae mal 


periouare tate full 


No person already on 

oy, a be ll be engaged — Apply. oii 
anted, Immediately, for 
aitiend arm cogent on tor View evm, 


State full Gall’ gevtioutne ar "Ro paren | ment 




















your nearest BMPLO 


already on Gevernmeat 
ay mentioning No. A 5197. TBE, | Your 


g Government work will be 


Tented. a Draughtsman,|~ 

preferably with experience of water 

purification plant; no one already on Geyernment 

work need apply —Write with full rt of 

Fi via etce., and salary required to 572, 
of ENGINEERING. 


Lata Go 


tsman for! 


Me ay me firm 


already on 
pais Gans 


your 
ig this Journal and L 520. ; 





q 
Raintorced Concrete Work.— 


DRAUGHTSMAN or ye JUSIOR 
ed Firm i 


Serna aes 





of ester, 
Drovings ena Specifi- 
ares on cating ee ae 


loners ST ona 


ge this Journal © 





sail Wy anted, First-class Mecha ni- 


cal and Structural DRAUGHTSMAN, 
your | JUNIOR for G < 


chester. 
but not essent: 


neerest B 


One ex 


overnment controlled in Man- 


in crane work prefer 


No one already employed on | 
vernment work — be pay ap 
age, full ees et uch 

PLOYMENT RXCHANGH, mentioning 


lary requi 


this J vem and L 503. 





WV anted, Sheerness District, 


good C 


experienced in 


construction ; ; 


full y Stiotlore of e 


ivil Hngineering DRAUGHTSMAN, 
surve Pad and 
ineligible for 
per 


—— building 

tary Service; 

annum. Se Stating a, 
losing copies 


125, Strand, London, W.C. 2, 


of recent testimonials, to BOX 1519, Witine 
L 596 





anted, Experienced 
and TOOL DES 
trical Works in the Midlands. 


Tools an advan 


te really capable men.—A 
rience, and salsa: 
PLOY 


Jig 


Knowledge of Press 
tage. Good salary and permanency 
y, stating age, , 


required, to Nearest 


MENT BX HA a ” mentioning this paper 


and No. A 


4696. 
Government work will be 


Nobod, . ane: employed ‘= 





Tool and Plant Draughtsmen » 


waves bey 4 for urgent Aero an 


progressive 


Nedtaioces interested quick men with initiative and abilit; 
No person im 


Yohanan. 


Motor work ~ 
Permanencies for 


‘te 


Midland works. 


y on Government work wil! 


ly to your nearest ee : 


AR and No. A 5316. 





De 


Must be accus 


work, capable and energetic. No application from ~ 


persons alread 
will be considered 
e, and sa 


tsman Wanted, bya 
f Gas Engineers and Contractenl 
tomed to gas plant and structural — 


y Peg ed on Government work 
particulars of experien 
y to your ee ass a 


CHANGE, mentioning No. 





(j00d Detail Peoughianel 


REQUIRED in steam excavator department. 


One with steam crane or 
pectertee. Good openin 
° pone already on 


ExchaNcn, 


Journal. 


ood general experience 
or a suitable applicant. 


ly your nearest BMPLOYMENT 
mentioning No. A 5387 and a 
638 





GNERS for large Me- 


overnment work will be — 


[taughtsmen Required by an — 
Admiralty Department :— 
(a) Those with good general mechanical! engi- 
neering experience. 
(b) With good general electrical experience. | 


In both cases must be ca 
working drawings from rou 
—Apply, giving full detatis 


agra) age, sa 


ble of preparing full 


of training and ex- 
my required and when at —< 


1539, WiLLING's. 125, Strand, W.O. 2. 





D™2 


ughtsman Required to 


CHARGE of Coal Depart- 


designs and sketches. : 


ment. ait OHA men only need apply.—Full — 


——— in the first place to K 624, 
Ni 


GINFERING. 


ices of 





be Chief Draughtsman Wanted 


for Controlled Establishment in West 
Riding ef Yorkshire, manufacturing Petrol-Driven 
Commercial Motor Vehicles. On Ry having 
previous first-class experience n apply, and no 
pene already on vernment work will be 
am RS in Ly instance to your nearest 

OYM HANGE, quoting No.A 5341, 

cod — particular of experience, age and 
salary expected L 574 





anted, for Ur rgent Govern- 

ork, South-West London district, 

JIG and TOOL! DRAUGHTSMEN, acoustomed to 
h-class, smal}, and gccurate werk. 

° — already on Government work will be 


“fey ply iby, Le gs stating age oapetee, and 
EXOHANGE. | Bt 2-1 r neat - seme o76 | nest 


ng No. A 5357 





P2ughtsmen. .—Several Good 


Constructional SS ae 
we eS Se fabricated ships and — 
work. No one ey mi App to 9 
Government work will be ome 
ye se YMENT 
Required fae: 


Diesel O11 Bn a "Gesd eaaxy 
will be paid Seeanebie an Fas 


Har cOyMENT i EXCHANGE, pened I No. 


ughtsmen for Aeronautical 
AC EBQUTRND bow ye ying ‘or Midlands, 
esirable, but not essential. 





ughtsm ny though a aie eae 
on 


nearest 


A 5300. 
L 584 














Pr2ughtem an Required for 


constructional engineering works (Govern- 


ment Bae namgyrone J in Birmt 
and full fcu 


-" Fogo —State 
our nearest 


PLOY ENT EX ANGE, po joning this 


4 poy and L 471. 


be enga 


No one on Government work 





| cading Draughtsman Wanted 


Manchester District. Government Contracts. 
perience structural work an advantage.—Address, 


stating 


e, experience, and salary required, L 373, 


Offices of GINEERING. 





Genior and Junior Draughts- 
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PAYMENT BY RESULTS: A PSYCHO- 
LOGICAL FACTOR IN WORKSHOP 
EFFICIENCY. 


By Avex. Ramsay. 


One of our constant and pressing problems is 
that of maintaining and increasing the productive 
efficiency of our factories. The more efficient a 
plant, the greater the volume and the cheaper the 
cost of product; and consequent upon these 
conditions the stronger the possibility of securing 
a satisfactory hold upon competitive and keenly-cut 
markets. We are therefore dominated by ambitions 
to achieve repetition method ; to apply jig, tool and 
fixture to the possible limit ; to perfect shop routine 
and attain a grand marshalling of component parts 
to simultaneous completion; to eliminate frills, 
to cut waste, tospeedup. We live in an atmosphere 
of feeds, speeds, and cutting compounds; we 
regard system and organised method as essentials. 
The war has taught us many lessons in the science 
of production, and as a result, mechanical efficiency 
is no longer a scientific speculation, but has become 
a definite and ruling motif. 

If our problem ended with the control of 
mechanical agencies we should have some ground 
for feeling that quite satisfactory progress was 
being made towards a solution, but unfortunately 
the mechanical is largely dependent for result upon 
the human, and it is not untrue to say that from 
this point of view our study has been superficial, 
our attitude prejudiced by mistaken conceptions of 
the direction in which lay our personal interests, 
and our efficiency as producers seriously limited 
through our inability to understand and control 
a vital factor in the manufacturing equation. We 
are in a condition of industrial ill-health, and shall 
so remain as long as the workers who constitute 
the channel through which flows our volume of 
output, restrict their production to an extent greatly 
below that of which they are easily capable. 
“Limitation of output” is not a stock phrase 
for a passing symptom; it describes an almost 
universal disease that is destroying our economic 
vitality. : 

Self-interest is a governing passion with workmen 
as with employers, and the surest way in which to 
encourage a man’s best exertion is to definitely 
associate his earnings with the amount of work he 
performs. There are few present day workers 
who have a loyalty to their employers sufficient 
to cause them to take a real and personal interest 
in the prosperity of their factory. They are paid 
for the time they serve, and not unnaturally their 
main anxiety is with regard to the passage of time. 
But pay them according to the amount of work 
they produce, and the volume of output at once 
becomes a matter of personal concern. 

There are three such systems of payment 
eommonly in operation :— 

(a) The premium bonus system. 

(6) A system by which a bonus is paid varying 
with the total output of a shop or factory, and to all 
employees, without particular’ relation to the 
individual amount of work produced. 

(c) The system of “straight ” piece-work. 

In the writer’s experience the great demerit of 
the premium system lies in the fact that the majority 
of men remunerated under it do not understand the 
exact effect of its application, and consequently 
regard it with grave suspicion. They feel, rightly 
or wrongly, that the division of time saved, operates 
to their advantage only to a point’ beyond which 
no substantial inducement exists for - them - to 
accelerate output. The unofficial attitude of official 
trades unionism is distinctly hostile to the scheme, 
and the psychological effect of such an atmosphere 
greatly mitigates against its efficient operation. 
Indeed, so determined is the opposition from this 
quarter that in certain instances recently it has 
been found quite impossible to introduce it. The 
System specially appeals to those who are not too 
confident of the ability of their rate-fixing depart- 
ment, or who feel that their workpeople should not 
in practice be remunerated beyond a certain 
additional proportion of their time rate of wages, 
but such a policy, when consciously adopted, is 
extremely short-sighted, and involves a financial 





loss to the employer greater than that: inflicted 
upon the worker. 

There are certain classes of occupation in which 
the second indicated method of computing an 
output bonus is the only one possible. In the cases, 
for example, of foremen and charge hands whose 
separate activities can not be definitely assessed 
on a time or money basis, the result of their efforts 
can only be gauged by the total output of the 
sections or departments which they control. Much 
depends for efficiency upon the energy and capacity 
for foresight displayed by supervisors, and although 
their status is higher than that. of the workman, 
their outlook on questions of personal profit is much 
the same. It has been proved beyond question 
that the stimulating influence of an output bonus 
is eriormous, and those’ who have adapted this 
method are not likely to revert to the practice of 
payment by fixed salary. In computing a bonus 
the volume of output is not the only factor which 
should be taken into consideration, because output 
can on occasion be increased by excessive overtime 
and other wasteful expedients which raise the cost 
and operate to the disadvantage of the employer. 
On the other hand, it is essential that the basis of 
calculation should be simple and clearly understood, 
because a system which is not understood by those 
participating in it, has a moral effect exactly equal 
to the reputed honesty of the management. Under- 
noted is a formula which in theory is probably open 
to criticism, but which in actual practice works 
extremely well. 

Value of shop output at cost xx Percentage of time wage to 
Total cost of shop wages be paid as additional bonus. 


In the first place it should be noted that in most 
concerns the value of output is periodically ascer- 
tained as a matter of ordinary factory routine, 
so that no extra labour is here involved. This 
value naturally varies with the cost of material 
and other factors over which the foreman has 
obviously no control, but curiously enough it has 
been found that while the cost of material fluctuates, 
the cost of labour also changes, and the balance 
of the equation is not seriously disturbed. X is a 
factor which must be in each’ case determined and 
will vary with -the proportion of a man’s total 
remuneration it is proposed to pay in the form of 
bonus ;- but when: the factor X has once been 
established, it is naturally maintained as a constant 
and the result fluctuates according to the value of 
output and the cost of labour. ‘For example, we 
decide that the total remuneration of foremen is 
to be: made by fixed salary plus a bonus which we 
determine should be on’a basis of 30 per cent. of 
the same. Let us assume that value of output to 
cost of wages is in the proportion of 3 to 1, we find 
that 





; x X equals 30 per cent. 
.”. X equals 10, 
Nothing is claimed for this scheme except the fact 
that in actual operation it has proved very successful. 

The system of paying a bonus according to shop 
output is not recommended in the case of manual 
workers because there are few classes of labour who 
cannot be paid by the method of direct piece-work 
if the problem is seriously tackled. . Particulars 
could be given—did space permit—of systems in 
operation applied to inspectors, setters-up and 
barrow labourérs, occupations which by reason of 
the diversity of activity, offer the most difficulty of 
any. .In the case of a workman, the stimulus of a 
bonus is completely lost unless he sees.a direct 
connection between his individual effort and ‘his 
pay bag. He is the last pérson in the world to take 
his fellow-workman on trust, and .he is quite sure 
that he is not going to earn a bonus for someone 
else to enjoy. It may be stated as a sound general 
principle that the man who knows that he will be 
paid for exactly what he does—no more and no less 
—is the man from whom the greatest effort may be 
expected. 

For this reason, remuneration under a system of 
“straight” piece-work is, in principle, the most 
encouraging and efficient method. The necessity 
for a caveat will become apparent. A contract is 
made with a workman to perform a specific piece 
of work for a certain sum, and he is supposed to let 
himself go and earn as much as he can. Under such 





conditions one would be inclined to expect the 
maximum output, but human nature is a complex 
quantity, and as a matter of actual fact, one’s 
theoretical anticipations are far from being realised. 
What happens is something like this. A price is 
under discussion and the worker looks upon it as 
a holy mission to screw out of the employer the best 
figure he can. Backed by the moral influence of 
his shopmates who are also professionally interested 
in the game of besting the ratefixer, he frequently 
exacts a price which is generally ised as 
unfairly and unnecessarily high. But he knows, 
too, from experience, that if he earns more money 
than the general sense of the shop considers adequate, 
the employer will undoubtedly find some expedient 
for reducing the price to a more reasonable level, 
and so.in spite of the fact that he could easily 
produce. more; he restricts his output and his 
earnings with the result that the more generous the 
piece-work price, the less work is frequently per- 
formed. A picture of considerable gravity could 
be drawn of the disaster which is likely to result to 
British. industry through the practice of limiting 
output, and we shall do well to consider what steps 
may be taken to remove a growth that is throttling 
our economic activities. 

We must’ begin with fundamentals, and the 
genesis of the evil lies in the fact that no serious 
attempt has been made to advance beyond « 
theoretical stage the economic truth that the ultimate 
interests of Capital and Labour synchronise and 
are bound up with one another. Capital is a 
producer of wealth because it is the means by which 
is made possible the operations of Labour; and 
Labour is a wealth producer because it is the primary 
agency through which the function of Capital is 
productively exercised. There is, therefore, 4 
scientific basis for agreement between the two, and 
no reason, save that of a doubtfully conceived 
personal advantage, for difference. 

Now a piece-work contract, to have any moral 
justification, must fulfil two conditions, namely, 
that it should be a fair contract and made without 
any mental reservation regarding its subsequent 
violation. As previously indicated, many contracts 
are now fixed which are unfair to the employer. 
Let us consider a concrete case which illustrates 
the difficulty ‘of price negotiation. Two men, 
A and B, were operating the same machine on the 
same job, one on day shift and the other. on night. 
For the job in question the ratefixer estimated that 
7s. 6d. was a fair price, but the men asked 15s. 6d. 
As. usually happens in cases of acute difference, 
they were required to perform the job on a day- 
work or time basis, with the result that the machine 
efficiency immediately dropped to 30 per cent. of 
the. possible., What action is possible to the 
employer in such circumstances ? To dismiss a man 
because of a dispute over piece-work prices would 
involve a general stoppage, and no other worker 
will perform the operation at a figure less than that 
which his fellow-workman demands. A ultimately 
compromised, and accepted 9s. 6d., making in the 
first week, on a repetition job, a bonus of 100. per 
cent..in advance of, his time rate. B remained 
obdurate. and inefficient, until by diplomatic 
manipulation he was finally removed to another 
machine. 

Disputes of this nature obviously should not 
arise, because the price which ought to be paid for 
a specific piece of work is a matter, not of opinion, 
but of fact. The facts are demonstrable, but 
unfortunately no machinery possessing the .con- 
fidence of the men has existed to establish them. 
The writer in his book on “Terms of ‘Industrial 
Peace”, suggested that the workers appoint one 
of their number to act in conjunction. with the 
ratefixer and fix all prices, such prices, calculable 
and provable, being accepted by him on behalf. of 
the men and enforced by the authority of the trades 
unions. That such a scheme may not be lightly 
turned aside or condemned as  un- 
practical, there are the terms of a definite 
agreement since into between an Association 
of Engineering Employers and a Federation of the 
craft unions of an industrial area: 

“In the fixing of piecework prices, should the 
employer’s representative and the workman be 
unable to agree, the matter shall be referred to a 
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committee composed of three workmen from the 
same department and engaged on similar work, 
and such representatives as the management may 
select, who shall fix the price of the job in dispute.” 

It is considered by men and employers alike that 
the terms of this agreement will materially tend to 
remove the possibility of prices being unfairly 
fixed, and so overcome the restrictive influences 
which are inherently associated with such a dishonest 
practice. But another vital condition is essentially 
implied in these provisions. A price having been 
fairly established should not be broken unless the 
method of production be improved or greater 
facility be given to the worker to perform the opera- 
tion which is the substance of the contract. Some 
employers regard it as a personal loss if their work- 
men earn more than a certain sum weekly, and 
knowing this fact, the workmen are generally 
careful to ensure that this figure is not exceeded. 
Prices are usually calculated on such a basis as will 
=, the average worker to earn a recognised 

us in addition to his time wages, but if a man, 
by more than average energy or by exceptional 
ability, earns a bonus in excess of the generally 
accepted standard, the increase of wages resulting 
from an increased output, is not a loss, but is 
clearly to the advantage of the employer. If a 
man is expected to produce 100 articles per week 
at ls. each, and actually produces 150, the extra 
50 do not cost the employer more, but, on the 
contrary, place him in possession of the presumed 
profit and materially reduce his establishment 
charges on the work in question. Let us consider 
a concrete case and see how the argument develops. 
Two semi-skilled men, A and B, are rated at 8d. 
per hour and engaged upon a job, the piece-work 
price for which is 51. It is estimated that the price 
will enable the men to earn 1s. per hour. 








A. B. 
Time taken... 100 hours 70 hours 
se. d. £e d. 
Piece-work price ... 5 0 0 5 0 0 
Time wages 3.6 8 26 8 
Bonus to worker ... 113 4 213 4 
Cost to Employer. 
A. B. 
SG :a-& Sa. & 
Piece-work price .. 5 0 0 56 0 0 
Establishment 
charges at 2s. per 
hour 10 0 0 3-38 
Extra allowance for 
depreciation, _re- 
pairs and sand 
required ... Nil 110 0 
Total cost 15 0 0 13 10 0 


It will be seen that B earned 11. more than A, 
and the employer actually saved 11. 10s. because 
of the fact. But he not only saved, he gained, for 
he was left in hand with 30 hours’ productivity of 
a valuable machine. 

In the agreement previously mentioned, the 
maintenance of a price once fairly fixed is assured 
by the following provisions :— 

(a) All prices shall be given in writing and on the 
understanding that a price once fixed will not be 
reduced unless increased facilities for production 
are given, or unless the job itself is altered, in which 
case the price may be the subject of reconsideration. 

(6) As a protection against obvious mistakes in 
the fixing of prices, it is further agreed that prices 
which have been mutually arranged, may, on 
application of either party, be brought forward at 
any time for reconsideration. 

The case for such working arrangements as those 
just indicated is unanswerable, and Labour, if 

perly handled, will not be found obdurate. 
Probably the only objection will come from those 
who cling to the pitiful conception that agreements 
made with Labour regarding ‘nternal administration 
are likely to undermine the prestige and standing 
of the employer, and improve the economic prospect 
of Labour at the expense of Capital. For a genera- 
tion we have bewailed the fact that our workshops 
were only 50 per cent. labour-efficient, but it would 
be much more in keeping with the constructive 
genius of the industrial world if we took some steps 
to ensure that the conditions giving rise to such a 
situation were understood and removed. The days 


have long since passed when the presence of a 
foreman was sufficient to effect the maximum 
labour output. A workman is not now an isolated 
unit who may be coerced ; he is a part of an organisa- 
tion of power and influence, which refuses to be 
driven, but which is willing to bargain. Let us 
therefore consider and evolve our terms and make 
some worthy attempt to put upon a new foundation 
the structure of our personal relations, and so end 
a state of affairs which sacrifices profit to dignity, 
and enhanced prosperity to the maintenance of a 
sham authority. Labour continues to be insistent 
upon better terms of remuneration and conditions 
of employment, and in spite of the fact that many 
of the existing standards of value have been 
artificially created, there is little possibility of 
employers being able to readjust the economic 
balance to a pre-war setting ; because the insistence 
of the workers is backed by a very real power of 
enforcement. That being so, it is surely clear that 
the constructive minds of industry should explore 
the opportunity of meeting the increased cost of 
labour by improving the productivity of the factory, 
a combination which can best be achieved by 
exploiting the system of payment by result, and 
cutting from it the evil appendages which now 
restrict its scope and effectiveness. 








THE NEW TROLLHATTA CANAL. 
Tue new Trollhatta canal was opened with much 
ceremony by the King of Sweden on October 25, 1916. 
This occasion marked a new and important phase 
in the history of this famous canal, and afforded 
another proof of the foresight and energy with 
which the Swedish authorities and Legislature are 
furthering measures in the interest of the national 
industry and commerce. The new canal, or the 
new extension of the old canal, is the outcome of a 
Parliamentary vote of May, 1909, when 22,800,000 
kroner (1,270,000/.) were granted for the purpose, 
the work being placed under the then newly 
appointed Royal Waterfalls Board. Many years ago 
King Gustaf Vasa, that true father of his country, 
took steps to create a navigable waterway from 
Lake Vinern to Trollhattan. His three sons, all 
kings in succession, continued the work, and the 
first lock, at Lilla Edet, was opened, probably in 
1607, and extended in 1610. Charles XII, the 
warrior king also took a keen interest in this water- 
way at the instance of Emanuel Swedenborg. 
Polhem, whose name is so closely linked to that 
of the Trollhitta canal, prepared several plans, the 
first being completed in 1717 and the last 30 years 
later. Thé work was commenced, but it was not 
until two of Polhem’s pupils had further developed 
the plans that the first navigable waterway along 
the Géta river was completely designed. The work 
was started, but the Swedish exchequer had many 
other calls upon it, and in 1779 it came to a stand- 
still. In 1793 a private company was formed 
for the purpose of realising the scheme, and within 
seven years the work was completed. On August 14, 
1800, the first vessel passed all the locks, thereby 
establishing direct connection from Lake Vanern 
to Gothenburg. By degrees further extensions 
became necessary, and in the year 1835 Major Nils 
Ericson, a famous engineer, prepared plans for 
them. On May 16, 1841, the extended waterway 
was opened. At the end of last century fresh 
extensions became necessary; various plans were 
discussed, the one which has now been adopted 
being the work of a commission appointed for the 
purpose. 

The new canal has been constructed to accom- 
modate vessels of 4 m. (13 ft. 1} in.) draught; the 
locks, however, have been built to pass vessels 
of 5 m. (16 ft. 5 in.) draught, as have the bridges, 
and some portions of the waterway, where future 
deepening and widening could only be undertaken 
at a great cost. A bottom breadth of 24 m. (79 ft.) 
has been adopted as a minimum; this breadth 
does not allow of the largest vessels passing 
each other, but serves as a double waterway for 
vessels 9 m. (29 ft. 6 in.) beam, which has been con- 
sidered sufficient in the meantime. Passing places 
for larger vessels have been provided in sufficient 





numbers. The following table contains additional 
particulars :— 





Greatest Navigable 
Depth. 


4m. 5m. 
Breadth of bottom in the artificial m. m. 
canal 24 24 
Breadth of bottom in the artificial 
canal at passing places... 29 35 
Breadth of bottom in river or lake 40 48 
Minimum depth of water in rock 
cutting .. 4.4 5.5 
Minimum depth i in ‘dug canal, with 
firm bottom es 4.4 5.5 
Minimum depth in dug canal, with 
loose bottom 48 6.0 
Minimum depth in river or r lake.. 48 6.0 


Highest permissible speed : 
4 river or lake 
In canal (for largest vessels) .. 3 3 
Smallest radius of curve at en- 


m. m. 

trance to lock .. 500 §=6500 
Smallest radius of curve in other 

parts 500 600 
Minimum depth of water at lock 

sill —_— 5.5 
Breadth at lock gate opening — 13.7 
Length of lock chamber ... -— 90.0 
Length of lock from gate to gate _ 97.9 


The length of the new waterway is about 84 km. 
(52 miles); from below the Bommen it follows 
principally the Géta river (Fig. 1, page 597), and 
runs along the actual river bed over a distance 
of about 75 km. (46-6 miles). As shown in the 
longitudinal profile (Fig. 2), the difference in level 
between Lake Vinern and the Kattegat, at ordinary 
water-level, is 44.35 m. (146 ft.). There are several 
falls in the river, which impede navigation ; on the 
section Kallshagan-Vargén the height of fall amounts 
to 5.7 m. (19 ft.), at Trollhattan, before the recon- 
struction, to 32.6 m. (107 ft.), at Akerstrém, before 
reconstruction, 1.0 m., and at Lilla Edet, before 
reconstruction, 3.5 m. (114 ft.). The remaining 
difference in level has been fairly evenly divided 
over the sections between the above-mentioned 
falls. Typical cross-sections of the canal are 
reproduced in Figs. 4 to 9, page 597. The method 
of protecting the banks by stone pitching is illus- 
trated in Fig. 10. 

Formerly the Kiallshagan-Vargin fall was passed 
by means of two locks, The new waterway partly 
follows the old one, but past the town of Vanersborg 
(Fig. 1) a new canal has been constructed, and the 
fall has been passed by means of one lock, located 
about half-way between the two old ones. From 
Bommen to Trollhittan, 7.0 km. (4.35 miles), the 
waterway follows the river except over a distance 
of 1.3 km. (1,420 yards) past Stallbacka, where 
the river is very broad and shallow. An artificial 
canal had previously been constructed along this 
portion of the river, and this old canal was fol- 
lowed in building the new waterway, but the low- 
water level of the river above Trollhattan has been 
raised some 40 cm. (16 in.) by damming, so as 
to obtain sufficient depth without entailing too 
much expenditure. — 

The traffic was formerly taken past the Troll- 
hiattan Falls by means of a canal, some 2 km. 
(1} miles) long, ending in a small lake named Aker- 
ssj6 ; from this two systems of locks, that of 1844, 
with 11 locks, and that of 1800, with 8 locks, led 
back to the river. The new waterway follows in 
the main the old one to Akerssjé, which has been 
widened, deepened, &c., but a new canal has been 
constructed for part of the distance, so as to obtain 
a straighter course. From the lake four locks lead 
down to the river, the two bottom ones being 
contiguous. From below Trollhattan to Lilla Edet 
the profile of the river has been altered by a dam 
at Lilla Edet (Fig. 3), which holds up the water to 
such a level that the fall at Akersstrém, and part 
of the fall at Trollhattan below the power station, 
are obliterated and the fall at Lilla Edet is increased. 
By this alteration the river has become navigable 
the whole distance from Trollhattan to Lilla Edet- 
These alterations raise the fall at Lilla Edet to 
5.45 m. (18 ft.), instead of the former 3.5 m. (114 ft.). 
Formerly there were two locks, whilst now there is 
only one, placed close to the upper of the old locks. 
The canal past Lilla Edet has an aggregate length 
of 1 kilometre (3,280 ft.). Below Lilla Edet the 
waterway follows the river, the course having been 
straightened and deepened (Fig. 1). 

The work on the new waterway was divided into 
eight sections ; most of the work was carried out by 
direct labour, but some masonry and dredging 
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is oF FLIGHT OF LOCKS AT TROLLHATTAN. 
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were contracted for, as well as the heavy ironwork 
and the machinery. 

Most of the earth removal was done by hand, an 
excavator of the bucket chain or paternoster type, 
however, having been employed in some cases. 
The aggregate quantity of earth removed amounted 
to 712,455 cub. m. (926,000 cub. yards). 











trucks hauled both by Decauville locomotives and 
electric locomotives. Numerous coffer dams were 
constructed, so as to make it possible to work in the 
dry, particularly where extensive blasting opera- 
tions were required. The blasting work in. and 
close to the old rock canal, which was widened and 
deepened, entailed much loss of time, as it could 








portion of the rock canal work was carried on 
during the summer months by leaving a wall of 
rock to act as a coffer dam and keep the new 
excavation dry. 

Some blasting under water was unavoidable, 
but the aggregate of rock removed in this way, as 
already mentioned, was only 26,152 cub. m. g The 
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In the rock section extensive blasting was 
necessary amounting in the aggregate to 1,033,882 
cub. m. (1,344,000 cub. yards), of which 26,152 
cub. m. were below water. At the different 
locks there was much blasting, more especially 
at the two contiguous’ locks already referred 
to, where the quantity of rock blasted amounted 
to 296,095 cub. m. Also along the so-called rock 
canal blasting had to be resorted to on a large scale. 
For the blasting operations rock drills worked 
with compressed air from electrically driven com- 
pressors were mostly employed. The blasted 
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(4920 CG! 
only be undertaken during the winter, when the canal 
traffic was suspended, about 3 months each year. 
| As soon as navigation stopped, about Christmas 
| time, the whole of the rock canal was laid dry and 
rock was loaded by hand cranes on to Decauville | the work went on during the winter. In the lower | Lilla Edet. The former is a fixed dam, consisting 














drilling was done through pipes projecting above 
the surface of the water, and the dynamite charges 
were also deposited through pipes, and electrically 
fired in groups. The dredging operations effected 
the removal of 2,364,312 cub. m. (3,074,000 cub. 
yards) of clay, mud, stones, &. A new breakwater, 
340 m. (1,115 ft.) long, built of excavated rock, was 
constructed at the inlet to the canal from Lake 


| Vanern. 


Twofdams were built in connection with the 


| new waterway, viz., an earth dam at Brinkebergs- 
| kulle and a regulating dam, already mentioned, at 
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NEW 








Fro. 19. New Locks at TrontHaTran ViewEp From ABOVE. 


with masonry, and at the Strém lock the bottom 
was finished with an invert arch, the greater part 
of the length of the lock. 

The culverts were constructed in two sizes, viz., 
one of 2.9 m. (9} ft.) height and 2.2 m. (7} ft.) 
breadth, and another of 2.65 m. (8? ft.) height and 
2 m. (6} ft.) breadth. The larger dimensions were 
adopted at the Akersberg lock and at the upper 
and lower gate chambers in the lock flight. In 
all other cases the smaller dimensions were adhered 
to. 

A water chamber was constructed under the 
entire bottom of each lock and the top or roof of 
this chamber has openings to let the water 
through. 

The gates can be opened by the electrical gear 
in 45 seconds, and they can also be opened by hand 
by two persons. The electric gear can commence 
to open the gates with a difference in water level 
of 15 om. (6 in.). 

The sluice gates in the culverts are of the Stoney 
type. The gates are built up of buckle plates 
riveted to a steel framework. They are suspended 
by two chains which travel over pulleys and carry 
counterweights at the other end. They are raised 
or lowered by electric gearing. The electric motors 
are either of 5 and 10 h.p, according to the load. 
The maximum hoisting speed is 0.15 m. (6 in.) per 
second, and the agyregate time for hoisting varies 
between 1 and 2.5 minutes, according to the lock 
at which the doors are used. 

The expenditure on the new Trollhitta canal up 
to July 31, 1916, amounts to a total of 21,758,865 
kroner (1,208,8262.). The estimate will probably 
be exceeded, on account of the rise in prices, but 
only by some 2-3 per cent. Of the more important 
items there may be mentioned :— 





TROLLHATTA CANAL. 
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Fie. 

Kroner.* 
Preliminary work, ee &e.. 472,568 
Acquirement of land, &e. 2,078,053 
Earth removal nt ain 1,391,407 
Dredging oni 1,946,279 
Blasting, above water 4,380,719 
Blasting, below water r 05,800 
Shore protection, walls, &c. 531,205 
Coffe: construction 443,247 
Lock construction, masonry, &e. . 2,944,216 
Lock gates, ae &e. ... 76,108 
Bridges 1,283,518 


*18 auener = A at ncmmel rates. 


The work in connection with the new Trollhitta 
canal has been carried out under the auspices 
of the Royal Waterfalls Board, of which Colonel F. 
Vilh. Hansen is the chairman. 

The traffic on the canal during last year amounted 
in the aggregate to 9,759 vessels, with an aggregate 
tonnage of 870,668 tons; of this total 7,827 were 
steamers, 664 sailing vessels and 1,268 barges. The 
largest number of vessels which in the course of 24 
hours have-so far passed the canal is 104. The 
weight of goods passing through the canal in 1915 
was 500,019 tons up and 785,952 tons down, but 
these quantities, on account of the war, were 
materially lower than those for 1913. 

Several towns on Lake Vianern and thus directly 
interested in the new Trollhatta canal, have under- 
taken considerable works so as to meet the require- 
ments of the increased traffic, and the city of 
Gothenburg has also carried out the necessary work 
in this connection. Of the more important shipping 
canals in the old and the new world only five are 
larger than the Trollhitta canal. 

The general design of the lock gates was fixed 
ufter a very comprehensive survey of the whole 


problem. The design actually adopted is illus-|i 


trated in Figs. 21 to 27, Plate LVI. As for 





20. LIyreriorn or Lowest Lock or THe TroLiHaTTa FricuT 


materials, the relative advantages and disadvan- 
tages of wood and steel were carefully considered, 
but as no Swedish timber would be suitable for 
such large gates, and both greenheart and teak, 
which have been used with good results for such 
purposes elsewhere, would have to be imported, 
preference was given to metal. As regards the 
construction, gates of the type adopted have either 
single plating on the up-stream face, or they may be 
plated on both the up and the down-stream sides. 
In both cases the up-stream plating has to directly 
support the water load and transfer it to the girder 
framework of the gate. With double plating, 
part or all of the weight may be water-borne. This 
system is used accordingly for very large and heavy 
gates. On the other hand, single plating requires 
a substantially smaller amount of material in the 
gate proper. The dimensions of the pivots and 

must at the same time be kept within 
reasonable limits and should involve no excessive 
expenditure on the masonry to which they are 
secured, nor must inordinate power be required for 
operation. In the present case it was found that 
the diameter of the pivots in no case need exceed 
160 mm., which is not a particularly large dimension, 
that the side walls would be quite capable of with- 
standing the forces imposed on them in operating 
the gates, and that the power required for over- 
coming the frictional resistances at the pivot would 
not amount to 1 h.p. There was consequently no 
drawback involved in using gates with single plating 
at Trollhattan, and this type was adopted accord- 
ingly. Besides, if the gates had to be operated 
when the lock was empty, the advantages of double 
plating became disadvantages in the shape of 
increased friction and greater strains on the 
anchorage. As examples of gates of about the same 
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dimensions as those at Trollhattan and fitted with 
single plating may be mentioned the gates of 
the Erie Canal. 

A fender chain has so far only been adopted at 
the upper gate chamber at Akersberg. It consists 
of a 45 mm. (1} in.) short-link chain, which under 
ordinary circumstances hangs in a groove in the sides 
of the lock chamber, and in the bottom, and which, 
when required, can be hoisted and drawn across the 
lock inlet. The chain is anchored, with a powerful 
spring, at the upper edge of the masonry on the 
west side of the lock inlet, and can be raised or 
lowered by means of a winch, located in a separate 
chamber in the masonry on the east side: When 
the chain is raised it is automatically coupled to 
a counterweight heavy enough to keep it tight 
and to offer an effectual resistance should a vessel 
come in contact with it, so that the shock of the 
impact is never transmitted to the winch. The 
counterweight consists of concrete, encased in an 
iron box, which hangs in a shaft in the masonry. 
The counterweight is fitted with a centrifugal brake 
for regulating its speed in falling. The winch 
is worked by an electric 20-h.p. motor, and can also 
be operated by hand. The chain can be hoisted 
in 30 seconds. The strength of the chain is 
calculated for the largest vessels which can ply 
on the canal ; such vessels, fully loaded, are assumed 
to weigh 6,000 tons, and the greatest speed at the 
lock entrance to be 0.6 m. per second (1.4 miles per 
hour). 

Two warping winches have been installed at the 
Akersjé lock, both on the eastern wall. The 
machinery of the winch is placed in a watertight 
box of cast iron, below the plane of the quay; the 
speed of the rope can be either 0.25 m. (9.8 in.) or 
0.42 m. (16.5 in.) per second. The winch is fitted 
with an adjustable friction clutch which will slip 
at a determined stress. The motor is of 20 h.p. 

Bollards are fixed on both sides of the locks; 
they are of cast iron, 25 mm. (1 in.) thick at the 
bottom, 30 mm. (1.2 in.) near the top, projecting 
0.8 m. (314 in.) above the ground and inserted 1 m. 
into the concrete. Electrically worked winches 
for passing the vessels’ ropes from lock to lock 
are placed at the ends of the locks. 

There is a control cabin opposite the centre of 
each gate chamber, from which the different winches 
on both sides of the lock are operated. Electric 
lamps of 200 candle power are erected on poles of 
ferro-concrete on each side of the lock, the end 
poles at one side also carrying signal lamps. 

For the purpose of closing and emptying the locks 
in emergencies special arrangements have been pro- 
vided at the lower end of the locks. At the lock at 
Brinkebergskulle this arrangement consists of an 
horizontal iron girder in the lower masonry serving 
as a support for vertically suspended frames of 
Differdinger girders, between which wooden doors 
are lowered 80 as to cover the entire lock opening. 
For emptying the locks Nos. 2, 3 and 4 at Trollhattan 
it is only necessary to lower the water-level in the 
basin or lock below. For emptying lock No. 5 
an arrangement has been adopted somewhat 
similar to that used at Brinkebergskulle. Lock 
No. 6 can be emptied by the construction at the 
lower end of a cofferdam of 14 horizontal iron 
girders, resting in grooves in the masonry and 
made tight by horizontal wooden battens. For 
emptying the cable tunnels and valve shafts there 
are three movable electrically worked shaft 
pumps of a capacity of 500 litres (110 gallons) per 
minute each. For closing the Trollhiatta canal for 
new work or repairs a floating pontoon, 31.3 m. long, 
3.2 m. broad and 1.3 m. high, is inserted into 
recesses in the shore supports of the Trollhattan 
street bridge ; on this pontoon there is a vertical 
frame carrying doors and serving to close the canal. 

For regulating the water-level in the basin below 
the upper lock at Trollhattan, which is liable to 
fluctuations dependent on the flow of traffic, an 
inlet channel has been constructed on the east side 
of the Akersjé lock, with gates at the upper end ; 
the section of this canal is 2.5 m. (8 ft. 2 in.) high 
and 3.5 m. (11 ft. 6 in.) wide. For letting water out 
from the basin an outlet canal to the river has been 
blasted, of the same dimensions as those of the 
inlet canal and fitted with four spillways of 7 m. 
(23 ft.) length, one of 2.75 m. (9 ft.) length, and 


four siphons, each with an outlet area of 2.8 by 1.8 m. 
(110 in. by 70 in.). 

The new dock at Trollhattan is designed for 
vessels of 4 m. (13 ft. 1} in.) draught ; the breadth at 
the entrance is 10.8 m. (35 ft. 5 in.); greatest 
length 75 m. (246 ft.) and minimum depth on sill 
4 m. (13 ft. 1} in.). 

The Arrangement of the Locks.—The inlet culverts 
are, except at lock II, placed one on each side of 
the upper gate chamber and lead into a sump 
underneath the gate chamber (except at lock II, as 
will be explained later), which sump is intended to 
serve as an equalising reservoir for the water flowing 
into the lock. From the sump a water chamber 
extends below the lock, the roof of the chamber 
forming the bottom of the lock. The arrangement 
will be clear on reference to Figs. 32 and 34, Plate 
LVI. The roof is of timber supported on rein- 
forced-concrete pillars, details of which are illus- 
trated in Figs. 35 to 41. In this roof there are 
openings for the passage of the water. The water 
enters the lock from below, its upward flow being 
fairly uniform over the whole section, and thus does 
not give rise to much disturbance. 

The outlet culverts proceed from the lower 
portion of the bottom channel, and deliver into 
the waterway below the lock. On account of local 
conditions at lock II the inlet culverts have been 
placed on one side of the upper gate chamber, 
and at lock V the outlet culverts are located on 
the one side of the lower gate chamber (see 
Figs. 31). At the intermediate gate chambers 
in the flight of locks the culverts also 
from the lower ends of the bottom channels and 
deliver into sumps beneath the gate chambers. 
The flow of water in the culverts can be regu- 
lated by means of vertically working sluices or 
penstocks (see Figs. 29 and 30, Plate LVI. In 
order to be able to repair the latter the culverts 
can be separately shut off on each side of the 
sluices (see Fig. 28, Plate LVI), and the inter- 
mediate space emptied by pumping. 

(To be continued.) 





AMERICAN SHIPPING AND 
SHIPBUILDING. 

THE position and prospects of United States 

shipping and shipbuilding are provoking con- 
siderable speculation just now, and a few facts and 
circumstances relating to American conditions may 
usefully be set out. In view of her resources up 
to a f>w months ago and her available volume of 
skilled labour, America is now doing wonderfully 
well. Thus she is playing, and will play, a highly 
welcome part in helping to solve the shipping 
problem, and it is not unlikely that after the war 
that country will be our chief rival on the ocean 
carrying trade as she was in the first half of the 
nineteenth century. 
In the middle of the last century the Americans 
came near to beating us in ocean shipping; and 
history may possibly repeat itself. Ambitious 
plans are being made for a permanent revival 
of the United States merchant marine. But we may 
rest assured that we shall not experience from 
America that kind of State-subsidised and bounty- 
fed undercutting of freights and passenger rates 
that characterised German competition before the 
war, and will govern it again if we take no measures 
to check it. American competition will be fair 
and above-board. If, as is probable, American 
shipping is subsidised, it will only be to an extent 
sufficient to balance the difference between costs 
at home and abroad, in strict accordance with the 
protective principle of United States law. It will 
not be done, as in the case of German subsidisation, 
with the set intention of destroying our position as 
a shipping nation. 

Since the war started more than 50,000,000/. of 
new private capital has been invested in American 
shipping enterprises, and perhaps an equal amount 
in shipbuilding. A Federal Shipping Board has 
been appointed with power to raise almost unlimited 
sums of money for the building, purchase and hire 
of vessels; and large amounts have been spent on 
extensions and improvements of the naval yards. 





When war broke out the tonnage of United States 
shipping engaged in foreign trade was only, in round 





figures, 1,000,000 tons, though the country possessed 
about six times that tonnage employed in the lake, 
river and coastal trades. Britain had 18,000,000 
tons of ocean shipping, and Germany 5,500,000 
tons. Only about 8 per cent. of America’s oversea 
commerce was carried in American vessels. 

The great boom in American shipbuilding and its 
twin trade shipping is not, however, a creation of 
the war, though it has been accelerated by war. 
It is part of a national movement for more ships, 
inaugurated before and apart from the war. More 
than twenty years ago a Merchant Marine League 
was formed in the United States to advocate the 
restoration of shipping. When it was found that 
the Panama Canal was at last likely to be opened 
to traffic the “ more ships” question became one 
of practical politics. How far the current revival 
will be carried—how far American shipping will 
rise in the international scale—whether we shall be 
closely run or beaten by the Americans—will depend 
partly upon the measures that are taken to foster 
United States shipping, and partly upon our own 
efforts to maintain our supremacy. If our workmen 
and their unions are unreasonable, if our engineers 
will not adopt standardisation and other economical 
methods, if our builders will not co-operate and 
combine, and if our statesmen will not recognise the 
rights of enterprise and stop unfair foreign com- 
petition, then nothing can prevent such a growth of 
American and German shipping and such a decline 
of our own as will spell the downfall of the British 
Empire. 

The central and supreme fact is that we possess 
such great natural and economic advantages in 
shipping and shipbuilding that we ought easily to 
maintain a very long lead in these lines. With our 
coal and iron supplies, our steel works and building 
yards and harbours all practically side by side, 
with our unique geographical situation, with our 
great building capacity and inherent skill in this 
trade, we hdid a combination of special favours. 
These advantages enabled us, before the war, to 
build and sail ships more economically than any 
other nation. But what of the future? Some 
authorities consider that one result of the war will 
be the removal of the great difference between 
British and American costs which has hitherto 
existed. 





HYDRAULIC TESTER FOR GAS STORAGE 
CYLINDERS. 

We illustrate on e 602 plant constructed by 
Mr. James Spurge, of 45, Greek-street, Soho, for the 
rapid and convenient testing of the cylinders used for 
storing the various gases now so largely used in different 
industries. The pressures to which these cylinders are 
subjected are extremely high, and it is the practice 
accordingly to anneal them at frequent intervals, and 
to subject them to an hydraulic test before again 
passing them into service. This test is directed in the 
main to ascertaining whether the normal working 

ressure which the cylinder will have to carry will be 
likely to strain it above the elastic limit of the metal. 
The test is based on the fact that if the elastic limit 
be not exceeded under the test pressure the cylinder 
will recover its original volume when the pressure is 
relieved. 

The general arrangement of Mr. Spurge’s a tus 
is illustrated in Fig. 1, but the principle on which it is 
based will perhaps be more clearly understood on 
reference to the diagrammatic view represented in 
Fig. 2. The apparatus consists of a pump C operated 
by the hand lever shown, and connected on the suction 
side to the graduated glass tube E indicated on the left 
of the diagram, and on the delivery side to the bottle 
under test. Suppose the bottle full of water to be 
coupled up to the branch B, and the valve L open 
whilst the valve at A is closed, and the pump plunger is 
at its furthest home position, to which it is brought 
automatically by the weight of the levers when the 
bye-pass valve N is open. If this valve N be open the 
water will stand at a certain height in the graduated 
tube. This tube can be connected by the cocks 
indicated with the town supply, and with an overflow 
tube shown. If both these cocks are open the water 
in the graduated tube will rise to a height fixed by the 
overflow level. If the cocks are now closed the water 
trapped in the apparatus above the bottle junction 
vill snags be a fixed amount. On closing the bye-pass, 
the cylinder can be put under pressure, which is 
read from the gauge indicated, and the valve L is 
then closed; subsequent to this the by-pass valve 
is opened and the pump plunger is run back to its 
original position. All the water which has been forced 
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PLANT FOR TESTING GAS STORAGE 
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Fie. 1, 


into the cylinder has been withdrawn from the 
graduated tube, and the amount can thus be read off 
and compared with the pressure-gauge readings. On zt r 
now opening the valve L the water which has been 
compressed in the cylinder flows back into the graduated | . 
tube, and if there te been no permanent set the level | 3 2 
attained is the same as before the test. Any change |™ 
of level indicates and measures a permanent change | 5" 
in the volume of the cylinder. | 
In the practical operation of the machine the cylinder | x 
is, as a preliminary, put under a moderate pressure, | 
the valve L closed, and that at A opened, so that any |S 
air entrapped escapes through the vent at M. This 
operation is repeated two or three times until all the , 
air is got rid of before proceeding to the definite test. | 0 = = = mB 
The accuracy of the apparatus would be vitiated by any | iden. 
leakage, and accordi rovision is made to trap 
any leakage past the U-leather packing of the pump | overflow, and the water level is adjusted by means of 
plunger. This is effected by having an additional this overflow at the start of every experiment in the 
stuffing-box outside of this packing and carrying the manner already described. The volume of water 
suction passage through the interspace between the forced into the cylinder and any permanent set of the 
two packings. The outer pecking is never subjected | latter is measured by means of a “ volumeter” shown 
to any appreciable pressure, and is easily made perfectly mounted on the table to the right. This is essentially 
tight, fs § as any leakage past the U-leather is trapped | a vessel fitted with a plunger operated by a micrometer 
the quantity of water included within the system screw. Volumes are measured by screwing in this 
remains invariable, and the difference in the readings | plunger till the original level of the water is restored. 
of the graduated tube measures accurately any | The quantity is then read off the divided head. 
permanent set of the cylinder. The apparatus, as; In practice the method is to note first from the level 
shown complete in Fig. 1, differs merely in detail from | of the water in the gauge glass how many of the small 
that illustrated diagrammatically in Fig. 2. The | compartments of the container on the right are com- 
overflow tube is replaced by two “ containers’ shown | pletely empty. One will be partially empty and the 
mounted on the table to the left and right of the | plunger of the volumeter is run in until this is just 
graduated tube. These containers hold a fair quantit; ed. The number of wholly empty containers, plus 
of water and enable large cylinders to be tested. the displacement of the volumeter plunger, shows the 
Either or both containers may be included or excluded | amount of water run into the cylinder; the large 
from the water circuit, by a cock provided for the |.container comes into use mainly when a cylinder is 
purpose. One of the containers is fitted with an' to be tested to destruction. 
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CYLINDERS. 
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Two levers are fitted for working the pump, as with 
high pressures the force necessary is rather beyond the 
strength of one man. There are also two gauges, one 
of which serves as a check on the other. 

A sand glass is mounted near one of the gauges, as 
indicated, and serves to time the period during which 
each cylinder tested is maintained under pressure. 

Taste I.—Tests of Two Cylinders. 











Additional Water Held. 
Applied Ounces = 10~* Oub. Ft. 
Particulars of | Pressure. 
Cylinders. ey Ues , 
> as ler ressure 
Pressure. | Removed. Permanent. 
Water capacity, 0.5 2.07 -005 -005 
0.477 cub, ft. 1.0 4.18 -006 -011 
Weight, 52 Ib. 1-2 5-0 -009 *020 
1-3 5°41 +005 +025 
1-4 5-88 +005 030 
1°5 6-34 -012 042 
1.6 6-72 -006 048 
1-7 7-14 -008 056 
1°8 7°58 -018 074 
1-9 8.22 *367 441 
Wate - ity,| 0-5 0-192 0 0 
ater capacity, " : 
0.0465 cub. ft. 1°0 “388 0 0 
Weight, 6 .84 Ib. 1°2 “456 0 0 
14 “540 0 0 
1°5 “582 “01 “Ol 
1°6 *610 “0 “01 
17 "656 “03 0-4 

















As an example of the behaviour of two gas cylinders, 
B and C, the above figures, in Table I, are of interest. 
The observations have also been ted,-in Fig. 3, 
together with those for a third cylinder, A. 
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in the text to the 160-h.p. engine, and, in addition, a 
THE?180-H.P. MERCEDES AERO ENGINE.* table is given, showing the leading engine data of the 
THE following report on the design of the new 180-h.p. | two engines. 
Mercedes engine is based on an examination of the engine In many respects the design of this new engine ee 
(No. 35,254) taken from the captured German Albatross Figs. 1 and 2, page 610) is similar to the 160-h.p. Me b 
biplane D.5.A. (G. 97), which was shot down{by anti- | which is now obsolescent. The cylinders are of the same 
aircraft fire in the 5th Brigade area on November 14, | construction and of the same bore and stroke as the 
1917, and the accompanying data on the design of the | 160 h.p., #.¢., 140 mm. by 160 mm., as also are most of 


Fig.3. 

































































shows a marked improvement, both in the design as a 
whole and in its general performance during power and 
consumption tests, and as a comparison between the two 
the leading particulars of the engines are given 

table on page 604. 


ConstrucTIoNAL Detalrts. 
Cylinders.—The six separate cylinders are of exactly 
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engine and the particulars of its general performance, 
have been compiled from results of teste carried out at 
the Royal Aircraft Factory. 

The ay Sy mes yp engine is the first engine of a 
new type to used in service since the advent of the 
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260-h.p. Mercedes engines in the early part of last year. 
These er engines were apparently so successful 
that the 160-h.p. 

tointroduce several of the leading features of the 260-h.p. | be termed ‘‘ The new 160-h.p. Mercedes 





. t have since been remodelled so as | the reciprocating parts; in fact, this engine might well 


the same construction as those used in the standard 
160-h.p. Mercedes engines, being built up entirely of "74 
ito 1 


practice. The regult is seen in 180-h.p. model, wi Briefly described, the 180-h.p. Mercedes is « com-|with the valve pockets screwed and welded in 

which this report deals. It necessarily follows from the bination of the 160-h.p. and the new 260-h.p. Mercedes | cylinder heads, and the water jackets of pressed sheet 
above that this report will partake more or less of the = and in view of this fact it will be unnecessary in | steel welded in position. The pistons also follow the 
character of a comparison between the 160-h.p. and report to deal at length with the details of the design | standard Mercedes practice and are similar to those used 





180-h.p. models. ‘ Frequent reference, therefore, is made | of those parts which are identical with the com 





* Report issued by the Ministry of Munitions, Technical reports have a been issued, and the design of 


Department—Aircraft Production, and placed at our |is now well,known in this country. In comparison with | position. 





ts|in the 160-h.p. es, being constructed with concave 
of the above-mentioned engines, of which fully iled | heads mechined from steel forgings, which are screwed 


into the cast-iron skirts of the and welded in 
bove the gudgeon 





Three rings are a 
disposal for publication the standard type 160-h:p. Mercedes, the new erigine | pins and one ring low which is situated at the base of 
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the skirt. The gudgeon pins are carried in lugs machined | method of lubrication of the 
in the lower part of the steel ao crown. The com-| bearing are the same, as shown in the 
r in the new 180-h.p. | ment of the engine, Fig. 3, page 603. 
crank-case, whilst following the 
of the 160-h.p. Mercedes engines, 


pression ratio is slightly hig 
engines, being 4:6: 1, as compared with 4-5: 1. 


‘onnecting Rods.—The H-section connecting rods with | general construction 


Fig.5. TTY 
SECTION OF CA: 
(SEMI- OIAGRAMMATIC) 
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| Crank-case.— 








journal and connecting rod | of each cylinder, which work at an angle of 15 deg. to the 
general arrange-| central axis of the cylinder, are interchangeable as in the 


160-h.p. engines and are of similar design; the valve- 
operating gear is, however, of new design, and follows 
| more the construction of the valve gear on the 260-h.p. 
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Fie. 8.—Sectionat View or Or Pump. 


their floating cast-iron gudgeon-pin bushes, also follew the 
usual Mercedes practice and are identically thé same as 
those used on the 160-h.p. engines, and the whole of the 
camshaft vertical driving shaft, and also the water and oil 
pumps driving r, are similar to the 260-h.p. engines. 
OCrankshaft.—No alteration has been m to the 
ral design of the crankshaft from the standard 
160-h.p. type. The leading dimiensions, clédrances and 


also resembles in many ways the 260-h.p. type. The 
usual Mercedes practice of casting the lower half of the 
main bearing housings integral with the bottom half of 
the base chamber, and also the method of holding down 
the cylinders by ae bolts which pass through the base 
chamber top half and secure the two halves of thé crank 


chamber, are adhered to. : x 
ve Gear.—The single-infet and exhaust * valves 





2 ee 
a, de 


<ZZZ 


Mercedes engines. General details of this construction 
and working of the valve gear are shown in the sketch, 
Fig. 4, page 603. 


Leading Particulars of 160 H.P. and 180 H.P. 


Mercedes Engines. 
160 h.p. 180 h.p. 
Bore ote obs -» 140mm. 140 mm. 
Stroke ... oes --- 160mm. 160 mm. 
Compression ratio -» 4°50:1 4-60: 1 
Average brake horse- 162-5at 174 at 1,400 
wer and s 1,400 
B.M.E.P. (ib. persq.in.) 102-0 at 109-1 at 
1,400 1,400 
*Total weight of engine 
(dry) ... ese «+ 618 Ib. 635 lb. 
Weight per brake horse- 
power ... ose ---» 3°80 1b. 3-65 Ib. 
Fuel consumption per 
hour? ... -- 94-2 pints 94-83 pints 


Fuel consumption per 

brake horse-powerhour 0-58 pints 0-545 pints 
Oilconsumption perhour 5-0 pints 7-3 pints 
Oil consumption per 

brake horse-power hour 0-031 pints 0-042 pints 
Inlet valve opens 2 deg. L T.D.C. 


Inlet valve closes 35 deg. L 40 deg. L 
Exhaust valve opens 63deg.E 40 deg. E 
~- Exhaust valve closes 13 deg. L 10 deg. L 
Ignition timing (fully 
advanced)... roy deg. E 30deg. E 
Delivery of water pump — 41-4galls. permin. 


*This weight is weight-of engine (dry), excluding 


propeHer hub and exhaust manifold. 
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It will be noticed that the rocker arms and their 
spindles are now integral, being machined from steel 
forgings. camshaft casing is constructed entirely 
from malleable iron castings, and the valve rocker 
spindles work in direct contact with the malleable iron, 
no bronze bushes being provided as bearings for the 
rocker arm spindles, and the covers of the camshaft 
casing form the top portion of the rocker spindle bearings. 
The rocker spindles are hollow, and are lubricated 
through two holes drilled radially in the spindles by oil, 
thrown off the revolving cams into the two holes drilled 
in the rocker arm carrying the cam roller. 

This design of valve gear is undoubtedly a great 
improvement on the arrangement adopted in the 160-h.p. 
Mercedes, the construction of which is well known, 
having the rocker arms working through slots in the 
camshaft casing, which are provided with felt-packing 
strips and baffle plates for retaining the oilin the camshaft 
casing. 

Camshaft.—The camshaft is of similar design to the 
160-h.p. Mercedes and the casing is supported on long 
studs which are screwed into the head of each cylinder. 
With regard to the valve timing, this it will be noticed 
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is different from the standard 160-h.p. Mercedes, as 
shown in the comparative list of leading particulars. 
The valve lift has been increased from 0-440 in. on the 
160-h.p, engines to 0-452in. Only very minor differences 
occur in the actual dimensional details of the half- 
compression gear in the new engine. Details of this 
mechanism are now well known ; the general design is, 
however, clearly shown in the general arrangement 
sectional drawing of the engine, Fig. 3. 
arburettors.—-No alteration has been made in the 
design of the twin-jet dual carburettors. Both car- 
burettors are enclosed in a cast aluminium water jacket, 
which is coupled at the bottom by a water pipe to the 
delivery pipe of the water pump and at the top to the 
water jacket of the rear cylinder to the top portion of 
the water jacket of the carburettors, as shown in Fig. 1. 
Each carburettor feeds three cylinders through a 
branched induction pipe of steel tube, which is lagged 
with asbestos cord and bound with adhesive tape. The 
throttles are, of course, interconnected and are operated 
by a cable and also by a control lever and rod. The 
float chambers are of ordinary design, but are fitted 
with separate filters attached to the bottom of each float 
chamber, which are easily detachable. These filters are 
provided with needle-valve drain cocks. No com- 
pensating arrangement is provided for altitude control. 
The bore of the main jets is 1-473 mm. and the bore 
of the pilot jets 0-558 mm., which is the same as in the 
160-h.p. Mercedes carburettors. A semi-diagrammatic 
sectional view of one of these carburettors is reproduced 
in Fig. 5,forreference. The air intake to the carburettors 
is taken through the passage cast in the central portion 
of the top and bottom halves of the base chamber, 
which forms an air chamber between the front and rear 
oil pumps in the lower portion of the bottom half of the 
base. Air enters the central air chamber through two 
holes cast in the sides of the chamber and also warm air 
through a large diameter pipe leading from the central 
portion of the top half of the crank chamber. 
Camshaft Drive.—The method of fixing the camshaft 
driving bevel at the top end of the vertical shaft, as shown 
in the sketch, Fig. 6,is unusual. This method is similar 


to that adopted in the 260-h.p. engines, and is so designed 
7 i — of a certain amount of vertical adjustment of 
vels. 


: The driving end of the vertical shaft is 
mathine’ and ea. 21 mm. diameter, and is 
tted with.a key, fits in a key-way in the driving 
bevel; @ ground taper on the extension of the 
bevel, which is split by four saw cuts, and into which 
Screws @ ring nut, locks the bevel securely in position 
on the vertical driving shaft. In the old 160-h.p. 
Mere engines the camshaft driving bevel on t 
vertical shaft is fixed by two bolts in the split extensian 








vertical shaft. 

Referring to the sketch of the vertical shaft, it will be 
seen that the bottom end of the shaft is carried on a 
“Skefko”’ universal bearing, which is mounted inside 
a steel sleeve, carried at the rear end of the crank-casc, 
and is driven off the floating bevel gear on the rear end 
of the crankshaft in the usual way. 

Lubrication.—The old 160-h.p. type aye eee od 
oil pump has been replaced by the larger pump, similar 
in desi 
is attached to the bottom of the rear oil sump or reservoir, 
| at the rear end of the base chamber. The functions of 
| the oil pump are perhaps most clearly demonstrated in 
|the diagrammatic sectional drawing, Fig. 7, and in the 
| sectional sketch of the pump, Fig. 8. Briefly described, 
| the functions of the oil pump and the system of lubrica- 

tion may be subdivided into three circuits :-— 

(a) The main-pressure circuit, in which oil is drawn 





bearings. 
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| engines. 
to the 260-h.p. Mercedes pump. The oil pump | 


of the bevel which is fitted on to a ground taper on the | shown in the sectional arrangement, Fig. 3. The water- 


pump spindle is provided with a spring-loaded face 
washer of steel in place of a gland, and the spindle is 
lubricated b heed, as in the 260-h.p. engines, by a 
large screw-down grease lubricator accessibly arranged 
on the pilot’s seat. Details of this water pump are 
clearly shown in the sketch, Fig. 9. 

The Air Pump.—This is of new design and is now 
driven off the front end of the camshaft, as in the 260-h.p. 
i The piston and barrel of the air p are 
made of cast-iron, and the piston is operated by a smal! 
connecting rod of bronze and a double-webbed crank, 
as shown in the sectional sketch, Fig. 10. The air — 

t 


|crankshaft is provided with four serrations which 


from the main oil sump at the rear of the base chamber | 





Fig.15. 


into the corresponding splines cut on the inside of the 
hollow camshaft. The bore of the pump is 40 mm., and 
the stroke is 40 mm. 
Air inlet ports are drilled in the lower portion of the 
ump barrel and are uncovered by the _—— at the 
oes of its stroke, and the delivery check-valve is 


and is forced to the main crankshaft journal-bearings and | situated in the head of the pump barrel. A regulating 
connecting rod-bearings, and also to the camshaft) valve is provided directly above the check valve, the 
| released air escaping through the centre of the hollow 
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OiHeturn to Base 





VALVE LIFT DIAGRAM. 





(6) Thesupplementary pressure system, which worksin adjusting screw, and also through six small holes drilled 
conjunction with the main high-pressure system, in which | radially in the screwed cap which forms the seating of 


two auxiliary plungers of the main oil pump draw a 
small charge of fresh oil from the service oil tank at 
every stroke of the pump and force the charge into the 
main circulation system. 

(c) The suction or scavenger circuit, which supplies 
the main oil sump from the auxiliary drain sump at the 
front end of the base chamber, the working oil level 
being maintained in the rear sump by an auxiliary 
suction pump which draws off the oil above the oil level 
through an overflow pipe and returns it to the oil tank. 

An oil sight level indicator is provided in the side of 
the rear oil sump. Full details of the functions and 
operation of this somewhat complicated oil pump are 
given in the previous report on the 260-h.p. Mercedes 
engine. 

gnition.—Two Z.L.6-type Bosch magnetos are fitted 
at the rear end of the engine and are driven directly off 
the camshaft vertical] driving shaft by bevel gears, as in 
the 260-h.p. engines. Ignition is by two Bosch 3-point 
plugs fitted to each cylinder, one on either side of the 
cylinder below each valve head, and the high-tension 
cables are carried as usual in fibre tubes attached to the 
cylinders. The ignition timing is fixed at the same 
period as in the 160-h.p. engines, i.e., 30 deg. E., and the 
of the magnetos is 1-5 times engine speed. Firing 
order: 1, 5, 3, 6, 2, 4 , 

Water wo Nang A System.—The water pump in the 
old type 160-h.p. Mercedes engines is situated above the 
magneto drive, and is driven directly off the vertical 
camshaft driving shaft. In the 180-h.p. engine the 
standard 260-h.p. type water pump has been adopted. 
This is now driven, as in the larger engines, by a dog 
clutch off the bottom end of the lower vertical shaft, 








which also drives the oi] pump worm-driving shaft, as 


the regulating valve. 

A self-contained oil trap is provided by the gun-meta! 
jacket which surrounds the barrel of the air pump. This 
is fitted with a drain cock as shown in the sketch. The 
air-pump piston and crankshaft are lubricated by the 
excess oil in the camshaft casing. The main oil lead 
from the oil pump to the hollow camshaft is taken 
through a passage drilled in the crank chamber of the air 

ump, the oil entering the camshaft through four 5-mm. 
Soles drilled radially in the hollow air pump crankshaft, 


which register with a groove cut in the inside of its 


bearing. 
EnernE Data. 
Number and arrangement Six, vertical, separate. 
of cylinders 
Bore 140 mm. = 5-51 in, 
Stroke be 160 mm. = 6-30 in. 
Stroke/bore ratio ... 1-142: 1, 
Area of one piston... 23-84 sq. in. = 153-9 
sq. cm. 
Total piston area of engine 143-04 sq. in. = 924 


sq. cm. 
150° 28 cub. in. = 2,463 


Stroke volume of one 
cylinder cub, cm. 
Total stroke volume of 901-68 cub. in. = 


engine 


g 14,778 cub. em. 
Volume of clearance space 


41-3 cub. in. = 676-64 


cub. em. 
Compression ratio. Total 4-64: 1. 
volume/Clearance volume 
Norma] brake-horse-power 174 b.h.p. at 1,400 


and speed 


Sg 
Piston speed 1,470 ft. per minute, 
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Brake mean pressure... 
Cubic inches of stroke 
volume per brake horse- 
power 
Square inches of piston area 
per brake horse-power 
Brake horse-power per cubic 
foot of stroke volume 
Brake. horse-power per 
square foot of piston area 
Direction of rotation of 
crank and propeller 
Lubrication system 


Oil consumption per hour... 

Oil consumption per brake 
horse-power 

Oil pressure eee ose 

Volume of oil carried in 
base chamber 

Number and type of car- 
burettors 

Diameter of chokes 

Bore of main jets ... oo 

Bore of pilot jets ... oes 

Fuel consumption per hou 

Fuel consumption per brake 
horse-power 

Inside diameter of induc- 
tion pipes 

Number and type of mag- 
netos 

Firing sequence of engine... 

Ignition timing (fully ad- 
vanced 

Speed of magnetos 

Inlet valve opens ... 

Inlet valve closes ... - 

Diameter of inlet valve 
(smallest diameter) = d 

Lift of inlet valve=hA .. 

Area of inlet valve opening 
(w.d.h.) 

Mean gas velocity throug 
inlet valve . 

Clearance of inlet tappet... 

Exhaust valve opens ee 

Exhaust valve closes ‘ 

Diameter of exhaust valve 
(smallest diameter)= d 

Lift of exhaust valve = A 

Area of exhaust valve open- 
ing (w dh) 

Clearance of exhaust tappet 

Diameter of inlet aa 
haust ports 

Diameter of water pump 
inlet 

Diameter of water pump 
outlet 

Ratio of water pump speed 
to crankshaft speed 

Delivery of water pump at 
normal speed 

Inlet water temperature ... 

Outlet water temperature 


g 
Water jacket capacity of 1,280 cub. cm. 


one cylinder 


GENERAL ANALYSIS OF WEIGHTS. 


109-1 Ib. per sq. in. 


Anti-clockwise facing 
Forced, multiple 


0-642 pint = 0-047 Ib. 


0-945 in. = 24mm. 
0-058in. = 1-472mm. 
0-022in. = 0-559mm. 
94-83 pints= 65-32 Ib. 
0-545 pint = 0-491 Ib. 
2-126 in. = 54mm. 


Two, Bosch, Z.L.6. 


1-5 engine speed. 
Top dead centre. 


2-677 in.= 68 mm. 


0-453 in.= 11-5 mm. 
3°81 sq. in. = 24-58 


8q. cm. 
153-4 ft. per second. 
0-017 in.= 0-432 mm. 


- 41-4 gallons per min. 










































Weight of oilcarriedin engine... 19-125 
Weight of fuel and oil per hour ... 93-53 
Gross weight of engine in runnin 

order, less fuel, oil and tanks, but 

including cooling system at 0-65 

Ib. per brake horse-power oes 773-0 
Weight per brake horse-power __ ... 4-44 
Gross weight of engine in running 

order, with fuel, oil and tanks for 

6 hours. (Tanks at 10 per cent. 

weight of fuel and oil) ese 
Weight per brake horse-power 


THE GERMAN MACHINE TOOL INDUSTRY. 


At the nen meeting of the Union of German 
Machine Tool Manufacturers, a report was read which 
emphasised the vast increase in the production of 
machine tools during the war, and more especially in 
the course of 1917. The increase will appear from the 
following figures : Value of production 1913, 250,000,000 
marks ; value of production 1914, 325,000,000 marks ; 
value of production 1917, about 800,000,000 marks. 

In this connection, however, it must be borne in mind 
that the price of machine tools, in harmony with the 
increasing cost of manufacture, has risen about 100 per 
cent. compared with the price ruling before the war. 
This brings the aggregate value of last year’s production 
down to a peace value of 400,000,000 marks, but even 
this is not very far from double the figure of the last year 
of peace. The report points out that the increased pro- 
duction cannot be looked upon as a lasting one. e 
question, on the contrary, is one of satisfying a sudden 
and temporary excessive demand, for which it had been 
necessary to carry out large and expensive extensions 
of works. The natural result, now that Government 
orders have diminished, is the placing upon the open 
market of a number of machine tools and the replenish- 
ment of stocks of both manufacturers and dealers, 
which stocks had been rapidly cleared out. A distinct 
difference, however, is to be found between the situation 
as regards precision machine tools on the one side and 
the ordinary type of machines on the other, inasmuch 
as at the end of 1917 there still existed a very satis- 
factory degree of employment as far as the former were 


1,390-3 
8-0 
Test Report. 

The following is a summary of a report on tests of the 
180-h.p. Mercedes engine carried out at the Royal 
Aircraft Factory, February 6, 1918. 
engine was erected on test bed, and coupled to a 
Heenan and Froude dynamotor, and power readings 
taken at various speeds, simultaneous fuel and oil con- 
sumption readings being taken. The results of these 
tests are shown graphically on the curves attached to 
this report. Fig. 12, page . 

These curves show the following teadings :— 


Revolutions per minute 1,300 1,400 1,500 
Brake horse-power ... 165 174 180 
B.M.E.P. eee eee 112 109 105-5 

Fuel consumption in 
pints per brake horse- 
power ewes 0540 0545 0-555 

Normal engine speed... 1,400 r.p.m. 

Average brake horse- 


power ove ove 174 concerned, and even a certain amount of shortage of 
Average petrol con- skilled labour as far as several special machines were 
sumption... .-» 0-545 pints perb.h.p. hour| concerned. Matters are somewhat different as regards 
Average oil consump- the wholesale production of current types and military 
tion ... aah «-» 0°042 ies aa machine tools. 


Although the tangible shortage of raw materials 
affects the whole industry and tends to reduce output, 
all manufacturers are invited to consider from now 
onward whether a prey on the large scale which 
has lately prevailed is likely to meet with the desired 
success. nufacturers are requested not to entertain 


During a previous test, the engine was run up to 
1,700 r.p.m., at which speed 197-5 brake horse-power 
was recorded, but at this speed the engine was found to be 
incapable of giving constant power. The engine was run 
at 1,400 r.p.m. for the p se of calibrating the output 
of the water pump, which livered into a graduated tank the hope of carrying out sales based upon extensive 
at the rate of 41-4 gallons per minute. . foreign orders at cheap prices. Future possibilities are 
Owing to the fact that during the above test it was | said to rest in the manufacture of high quality machines, 
found to be impossible to tune up the engine, the power | and inability on the part of German manufacturers to 
developed does not probably represent its best per-| admit this must, sooner or later, lead to bitter losses. 
formance, as from other data and tests of the engine a| The report also stated that the Allied foreign countries 
normal brake horse-power of 179-5 at 1,400 r.p.m. and a | during the year 1917 had in due proportion been supplied 
maximum brake horse-power of 188 at 1,500 r.p.m. has | with machine tools on terms fully equal to those of the 
been recorded. — ‘ : t home market. As regards the sale to neutral Powers, a 
Further details of the 180-h.p. engine are given in the| price control, established by the Union of German 
above list of particulars, and a view of one of the latest hine Tool] Manufacturers, seen to it that German 
types of fast enemy scouts, in which this new engine | machine tools had not been sold at too low a price. 
is now used, is shown in the photograph of the Albatross | The Union had adopted the principle that machine tools 
biplane, Fig. 11, page 610. _ - : , under no circumstance should be sold cheaper to foreign 
An interesting stream-line radiator is fitted in the | countries than on the home markets. 

centre section of the top plane, details of which are being 

issued in a separate report on the Albatross biplane. 








THE WHOLESALE TRADERS’ AssocraTION. — The 
fifteenth annual meeting of this associaticn (for the pro- 
tection and promotion of the hardware, furnishing and 
metal industries) was held at the registered cffices on 
April 19, when the Chairman, Major J. H. Cartland, J.P., 
presided. The chairman, in presenting the balance- 
sheet and the report of the various departments, stated 
that the operations of the association had again. been 
fully maintained, and that the members had made 


TRADING WITH THE Enemy Act.—The Controller of 
the Foreign Trade ot ma has sent us a — of a 
new list (No. 54) of additions to the Statutory List of 
firms of enemy nationality or enemy association with 
whom persons in the United Kingdom are forbidden to 
trade. ies of this list can be obtained at a trifling cost 
from the Superintendent of Publications, His Majesty's 
Stationery Office, Imperial House, Kingsway, W.C. 





No. 
Description of Part. per 
Set. 













extensive use of its various departments, which had 
afforded them exceptional] facilities and assistance in 
many directions under the present abnormal] conditions. 
It was interesting to note that notwithstardir g the war, 


Tae Instrrvtion or Locomotive ENGINEERS 
(Lonpon).—A meeting of the Northern Centre of the 
Institution of Locomotive Engineers was held on May 11 
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at Leeds, when Mr. Gresley, of the Great Northern Rail- 
way, delivered his presidential address. In the course 
of his remarks, Mr. Gresley said that the urgent need 
of the country was a standardised wagon ; since wagons 
were now ubiquitous no time should be lost in producing 
a standard. e reduction of the ratio of tare te carry- 
ing capacity appealed very strongly to the locomotive 
engineer. r. Gresley touched upon several interesting 
ints in locomotive history, adding that the present-day 
foceanstbve was the result of continuous evolution. This 
evolution “was greatly accelerated by superheating. 
The power of an engine should not, he stated, be judged 
by its tractive force, but by its capacity to provide steam 
demanded for its continuous work. He instanced the 
difference in Mr. Ivatt’s Atlantics, one with a small 
boiler heating surface of 1,450 sq. ft., and a grate area 
of 24} sq. ft., and the other with a large boiler, havin, 
a heating surface of 2,500 sq. ft. and a grate area o 


and the fact that a large number of firms were doing 
Government work, and therefore were not seeking to 
open new accounts, the number of status enquiries sent 
in during the year had reached the enormous total of 
63,506, involving a credit of over 5,000,000/., thereby 
showing that there was still a good genera] trade being 
done by the various manufacturers and merchants 
throughout the country. A large number of orders had 
been received from foreign and Colonia] markets which 
they were unable to execute at the present time. 




















50,000 K.W. Turso-Etecrric GENERATOR.—In the 
turbine factory of the Allgemeine Electricitéts Gesell- 
schaft, a three-phase turbo generator has just been built 
having an output of 50,000 kw., corresponding to 
75,000 h.p. and running at a speed of 1,000 r.p.m. The 
terminal preesure of the generator is 7,000 volte, and 
the exciter pressure 220 volts. One of the principal 
31 sq. ft. The engines were in every respect identical, | features of the set is that the entire steam output is 
therefore the tractive power was equal in each, but the | developed in a single turbine, and the entire electrical 
larger boilered Atlantic had pro to be much more —- in a single generator. The weight of the turbine 
powerful as an express engine than the smal! boilered | is 250 tons, and the weight of the generator 225 tons. 
one; it was able to haul much heavier trains and keep | The turbine has ten wheels from 3,400 to 3,800 mm. 
time. On the same work the large boilered engines | diameter corresponding to a peripheral speed of from 180 
used less coal; favourable instances were given of the | to 220 metres per second. e generator rotor has an 
lors ig life of ample sized boilers. Mr. Gresley further | external diameter of 2,200 mm. corresponding to 4 
said that engines were approaching their maximum ipheral speed of 115 metres per second. The total 
weight and size but were a long way from attaining their h of the rotor of the generator is 9 metres, and the 
maximum power. More power per unit of weight y of the rotor was built up from @ large number of 
would have to be obtained. The saving which could be | stee! plates assembled on the shaft instead of being cut 
made by the introduction of a really satisfactory feed- | from the solid, as in the case of smaller machines built 
water heater was second only to the economy which had | by the A.E.G. The manufacture of this large generator 
resulted from superheaters. Grates had shown no | is wartime has presented t difficulties to the makers, 
marked improvement. Grates could not be much|in view of the scarcity of raw materials. The blading 
larger but they could be made more efficien of the turbine, for example, has been prepared without 





Weight of engine complete, dry, 
including propeller hub and ex- 


haust manifo) 
Weight per brake . 


horse-power_... 
Weight of exhaust manifold on 


t. Another - 
consideration was the burning of pulverised fuel, with | the addition of nickel to the steel, of which there is 
which a very great intensity of heat could be obtained. | evidently @ great scarcity in Germany. The transport 
There was much scope for lopment of the carriage | of the turbo-generator to the power station where it wil! 
and wagon department. But for the war the introduc- | be used, has necessitated the use of a number of specie! 
tion of stee) carriages would have developed to @ sur-| railwey wagons, the rotor being carried on @ special 
prising degree. double bogie car, each bogie having five axles. 
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LAYING OUT ANGULAR WORK. 
By Craupe W. Huw. 

In laying out and checking angular work the pro- 
tractor is the instrument most commonly used, but 
the requirement of greater accuracy than is obtainable 
with this instrument has led to the introduction of the 
sine bar. The sine bar in its most common form 
consists of a bar having pins at its extremities placed a 
definite distance a The bar swings on one of these 
pins, the other end being free, and it is set to any given 
angle by calculating the length of sine and adjusti 
the free end of the bar to the distance so found ne 
clamping it in this position. To facilitate the setting, 
the pins are generally mounted with standard buttons 
1 in. in diameter. As the sine of an angle, except for 
30 deg., is an incommensurable quantity, it is not 
possible to lay out the sine with absolute accuracy, and 
the object of this article is to show the relative accuracy 
which may be obtained with the different instruments 
available. 

A design of sine bar which has some improvements in 
detail over those hitherto in use, is shown in the 
accompanying illustrations, Figs. 1 to 4, the references 
to which are the following: A, button; B, knurled 
nut; C, pin; D, sine bar; E, spindle; F, bearing ; 
G, disc clutch ; H, worm wheel, 180 teeth; I and J, 
knurled nuts; K, Worm, 24 threads per inch; L, 





clamping screw; M, vertical rod; N, bracket to carry 









Fig. 2 











worm; QO, knurled head for worm shaft; P, pin; 
Q, Screws, ;%, in. by 7 in. for bracket N; R, base. 
The construction is as follows: The sine bar D is made 
with two legs of equal length at right angles to each 
other. The buttons A are bored conical so as to ensure 
concentricity and avoidance of side shake when worn 
in the bore. On slacking the knurled nuts B the 
buttons may be rotated so that the wear on the circum- 
ference may be distributed. ‘The pins C carrying the 
buttons at the ends of the legs are a force fit in the bar. 
The bar is a force fit on the spindle E, which has a 
conical journal running in the piece F which clamps on 
the vertical rod M, which is a force fit in the base R. 
The piece G, which forms a friction clutch for the worm 
adjustment, is a sliding fit on a square on the spindle, 
as shown in the small cross-sectional view. The worm 
wheel H turns freely on the piece G. When the 
knurled nuts I and J are slack the sine bar can be 
rotated freely for setting quickly to its approximate 
position. Tightening the nut I brings the worm wheel 
into gear and the final adjustment can then be made 
by turning the knurled head O. Tightening the 
knurled nut J secures the sine bar in position. The 
instrument is for use with a dial gauge indicator and 
vernier height gauge, or preferably a micrometer height 
gauge. 

To set to a given angle the centre piece F is clamped 
at a convenient height. The dial gauge is then adjusted 
to read zero when passed over the top of the centre 
button. The — gauge is then adjusted under the 
dial gauge until the dial reads zero. The height gauge 
then shows the height from base to top of button. 
Calling the required angle a, the height from base to 
top of centre button 6, and the distance from centre 
to contre of the buttons r, the required distance from 
base to top of outer button will be 6 + r sin a. The 
height gauge is set to this height and the dial gauge 
adj over it to read zero. e sine bar is then set 
so that the dial reads zero when passed over the 


SECTION AT X-X. A B 





outer button. clam: up with the nut J, the 
position of the buttons should auidhed agin with the 


dial gauge. B nen ee ee 
angles the ont eg can set to angles greater than 
45 deg. by setting the other leg to the complement of 


the angle. ‘ . 

Protractors being set in degrees and fractions by 
means of a Rev Fred while sine bars are set by 
laying off the length of sine, the follo examples 
illustrate the relative accuracy obtainable by the two 
methods, the comparisons being made for an arc having 
a radius of 5in. At a radius of 5 in. the lengths of arc 
are: 1 deg. = 0-0872665 in., 1 minute = 0-00145444 
in., and 1 second = 0-0000242407 in. The possible 
sources of error may be divided into three classes : 
(a) Errors inherent in the instruments, (b) personal 
errors of the operator, and (¢) limits of error imposed 
by the degree of fineness in the graduation of the 
instruments. Class (a) may be subdivided into 
(1) errors due to inaccurate graduation, or (2) due to 
inaccurate workmanship, wear or illusage. Errors due 
to (1) may be eliminated by calibrating the instrument 
and taking out corrections, but errors due to (2) render 
the instrument useless. 

Recently the writer had reasons to suspect the 
accuracy of a sliding jaw caliper ing thousandths 
which he was using, and he made the following tests : 
(a) The screw on the sliding jaw was tightened up 
sufficiently to hold the jaw firmly to the bar, but _ 
allow it to be moved by the adjusting screw. e 
instrument was then set to a reading and the width 





















































bars. Personal errors, class (6), arise from failure of 
the operator to set the lines on the fixed and sliding 
portions of the instrument truly in line when setting 
them, or failure to judge the alignment correctly when 
reading them. 


In setting lines into coincidence with an ordinary 
magnifying glass an error of ,,j,5 in. is not perceptible, 
so that the personal error may vary from 0 to at least 
+ srs5 in. With some operators it may, of course, 
be more. Taking a protractor having a divided circle 
2 in. diameter the error in length of arc at 5 in, radius 
may then be 0 to + 0-001 in., which is equal to an 
angular error of + 41-26 seconds. Using the vernier 
height gauge and assuming the same error, the error 
would be 0 to + x,y, in. in the length of sine and the 
angular error would vary with the angle, being equal 
to the error cos a. Thus at 1 deg. the error would be 
0 to + 0-0 02 in., corresponding practically to an 

error of + 8-25 seconds, and at 45 deg. (which 
is the maximum angle which requires to be set) it would 
be 0 to + 0-000283 in., equal to an angular error of 
+ 11-67 seconds. Using a micrometer height gauge 
having a thimble 0-425 in. diameter, each of the 
25 divisions around the thimble would be 0-0534 in. 
wide, and would correspond to an advance of the screw 
of 0-001 in. An error of + x75, in. in the alignment 
of the lines on the thimble and hub would then give 
an error in the measurement of length of + 0-000003745 
in. At 1 deg. the angular error would then be 0 to 
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over the jaws measured, the sliding jaw was then moved 
and brought back to the same reading and the width 
measured again, the lines on the slider and bar being 
brought into line each time with the help of a —s 
magnifyi lass. This was done several times, an 
in each case the widths were different, the difference 
between the maximum and minimum readings being 
nearly one thousandth. (6) The instrument being 
set at a ing the screw on the slider was screwed 
up tight and the width over the jaws measured, The 
screw was slightly slacked and the width again 
measured, and this was repeated several times, the 
screw being slacked off a little each time, but it was 
not slacked off completely. In this case also the 
readings were all different, there being a variation of 
about one thousandth. These tests confirmed the 
writer's suspicions and showed that the instrument was 
quite unreliable and useless for fine work. Apparently 
the sliding jaw was rocking or springing, possibly it 
had been ill-used. 


In several cases recently, in checking fine work which 
the makers had stated was dead accurate, the writer 
has found errors of as much as one thousandth. Possibl 
in these cases the workmen had done the wor 
accurately but had been misled by their measuring 
instruments.* 

It is curious that whereas no one would think of 
undertaking fine work with say, an electrical instrument 
a thermometer or a chronometer, without first cali- 
brating the instrument and taking out corrections, the 
accuracy of length measuring instruments is generally 
accepted without question. As errors in Glass (a) 
either render the instrument useless or else can be 
eliminated by taking out corrections, they do not 
affect the comparison between protractors and sine 





* It is. of course, absurd to claim dead accuracy, as 
such a thing a ouy Soeretane by yen The 
most experienced expert firms engaged recision 
work do not claim it, but state the number of decimal 
points, or the limits, within which their work is accurate. 


+ 0-1545 second. At 45 deg. the error in length of arc 
would be 0 to + 0-000005296 in. and the angular error 
0 to + 0-2185 second. These figures demonstrate the 
advantage of the sine bar method over the protractor 
in reducing the effect of personal error, and they further 
show that in using the micrometer height gauge in 
preference to the vernier the personal error becomes 
quite negligible. 

Errors due to the limitations of the instruments 
class (c): The best protractors made for use on the 
marking-out table are provided with a vernier reading 
to5 minutes. The instrument can then be set definitely 
to any angle in which the number of minutes is a 
multiple of 5. Thus according to the angle it may be set 
accurately (neglecting personal error), or it may be 
as much as 2-5 minutes out, which is equal to a length 
of are of 5 in. radius of 0-003635 in. The vernier height 
gauge can be set to 0-001 in., so that for intermediate 
dimensions it may be as much as 0-0005 in. out. At 
1 deg. this error would be 20-6 seconds. At 45 deg. 
the error in length of arc would be 0-000707 in., and 
the corresponding angle 29-1 seconds. The micrometer 
height gauge provided with a vernier scale on the hub 
reads to 0-0001 in., so that the maximum errors are 
one-tenth of those obtained with the vernier height 


e. 

In the case of some angles the protractor can be set 
definitely while the length of sine does not correspond 
to a definite setting of the heigh. gauge, as is shown in 
the following examples. 

Angle 24 Deg. 35 Min.—The protractor can be set 
definitely to this. The length of sine will be 5 x sine 
24 deg. 35 min. = 2-08008 in. The nearest sett ng of 
the vernier height gauge would be 2-08 in., leaving an 
error of 0-00008 in., so that the angle actually lail out 
on the sine bar would be 24 deg. 34 min. 56 seconds +. 
The nearest setting of the micrometer height gauge 


would be 2-0801 in., the error being in. and 
the actual e would be 24 deg. 35 min. 0-9 seconds+-. 
Angle 35 Deg. 22 Min. 30 Seconds.—In this case the 





protractor can only be set at 35 deg. 20 min. or 35 deg. 
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25 min., so that the error is 2 min. 30 seconds, which i 


2-894627 in. The nearest setting for the vernier 
height gauge will be 2-895 in., leaving an error of 
0-000373 in., so giving an actual ang 

22 min. 48 seconds+. The nearest setting for the 
micrometer height gauge will be 2-8946 in., so leaving 
an error of 0-000027 in. and giving an actual angle 
of 35 deg. 22 min. 29 seconds. 

Errors due to the limitations of the instruments are 
definite and fixed for any angle, unlike personal error 
which is uncertain and wesiatle both as to amount and 
sign, so that the total error may be either the sum or 
difference of the two errors. It is therefore in the 
reduction or elimination of personal error, and in the 
ability to set to les in which the minutes are not 
multiples of 5, that the sine bar method possesses its 
principal advantage over the protractor method of 
laying out angles. 


3 





THE PHYSICAL SOCIETY OF LONDON. 

At the meeting held on May 10 at the Imperial College 
of Science, Professor C. H. Lees, F.R.8., president, in 
the chair, a paper on “ The Times of Sudden Commence- 
ment of Magnetic Storms” was read by Dr. 8. Chapman. 

The paper is a discussion, from a new standpoint, of 
the data, collected by Dr. Bauer, for 15 magnetic storms. 
Maunder’s work on the recurrence of magnetic storms 
at intervals equal to the rotation period of the sun 
suggests that storms are due to some solar agent trans- 
mitted along narrow well-defined streams, issuing from 
and rotating with the sun. This suggests the view that 
the relative time of commencement of a storm at 
different stations depends mainly on the orientation of 
the latter at the time, relative to the sun, #.e., on the 
local time at the station. This forms the basis of the 
classification in the paper. 

Dr. Chree said that after hearing the paper he was 
uncertain whether Dr. Chapman did or did not believe 
that the figures proved “ee He (Dr. Chree) did 
not think that they did. To deal with a question of a 
few seconds’ difference at different stations, it would, he 
thought, be desirable to employ not merely a more open 
time scale, but magnetographs of greater and desirably 
uniform sensitiveness. en a magnetic change became 
recognisable depended on the size of the movement and 
the sensitiveness of the magnetograph. An apparent 
difference in time between day and night hemispheres 
would naturally arise if movements tended to be larger 
in the one than the other. One objection which he 
had urged against Dr, Bauer’s views also applied to the 
hypothesis considered by Dr. Chapman, viz., that as soon 
as a disturbance began at any part of the earth’s atmo- 
sphere it would naturally be pores by electro- 
magnetic waves to other parts. e was not aware of any 
direct evidence confirmatory of Dr. Chapman’s state- 
ment that the atmospheric currents causing the diurnal 
variation were mainly situated in the comparatively near 
neighbourhood of the station. Also, even if this were 
the case, he did not see that any inference could be 
drawn as to what happened in the case of so different a 
phenomenon as a “sudd ncement.” We did not 
even know whether the electrical currents causing the 
two phenomena were at the same level in the atmosphere. 
“Sudden commencements”’ were sometimes large, 50 + 
or even 100 +. y were not instant us changes, 
the rise normally seen in horizontal force in ordinary 
latitudes taking usually four or five minutes to attain its 
full value, a curious feature being that the high value 
was generally retained for some time, sometimes, in fact, 
for several hours, especially at stations in certain 
latitudes. A consideration of the exact nature of the 
phenomenon was a desirable prelude to any theorising. 
On the historical question which Dr. Chapman had 
raised, as to the discovery of a tendency to “ repetition ” 
in magnetic storms, it was very natural for him, as a 
Greenwich man, to fon preva the really valuable work 
which Mr. Maunder done in this connection, but it 
was only fair to remember the much earlier work of 
Broun, and the independent work of A. Harvey and the 
late Professor Birkeland. One reason why a belief in 
the “repetition” of magnetic storms had advanced so 
slowly was that sunspot theories had been so often sug- 
gested by cranks that they were naturally somewhat 
suspect. In the case of magnetic disturbances, and Mr. 
Maunder’s Greenwich lists were no exception to the rule, 
the great majority did not have a “sudd 
ment,” and opinions as to when the ave storm began 
or ended might differ by several hours. It was thus, in 
general, impossible to ign an exact value to the 
interval between two storms. Further what one man 
called a “storm” another did ot, so where one might 
see a “repetition ” another would not. A further com- 
plication was the existence of « diurnal period in dis- 
turbance data, representing partly statistical imperfec- 
tions and partly a real natural phenomenon. Dr. 
Chapman did't not seem to realise that the 27-day period 
was just as manifest in quiet as in disturbed conditions. 
It was also important to remember that it had presented 
itself in years like 1913, when sunspots were almost 
non-existent, just as decisively as in years of many sun- 
spots. 

Professor Newall said that when Maunder’s results 
were first brought forward it was felt to be a difficulty 
that they should involve an almost geometrical re- 
pines sponge ae use, of a, ~ Comma on 4 
su @ sun were travelling with varying periods. 
When the slide showing the periodic recurrence Sieestain 
storms was first shown by der it was noticed that 














a 1 per cent. difference in the adopted rotation period 
nthe y change the direction of the lines which in 
coincidence of period to 45 deg. from the vertical. One 
saw on looking at the slide that there were one cases 
in which lines at different angles would suit. No one 
familiar with eclipse phenomena could doubt, however, 
that something originated in the sun. Many of the 
streamers sent out from the corona seemed quite 
straight, and it was difficult to resist the idea that 
sometimes the earth would be at the other end. Had 
Dr. Chapman considered the difficulty raised by Kelvin 
of the necessary energy relations? The energy of the 
magnetic storm itself might be attributed to something 
abstracted from the energy of rotation of the earth by 
the particles after entering the atmosphere. 

Father Cortie thought Maunder was the first to 
connect the 27-day period with the solar streamers. 
There seemed to him to be a difficulty about these 
streamers of charged particles. Schuster showed that 
owing to the mutual repulsion of the charges the stream 
would be dispersed. He did not think that any par- 
ticular storm was associated with a particular sunspot, 
but with a disturbed area of the sun which might extend 
many degrees. His idea was that the disp st 
from the disturbed — formed clouds of particles 
and that the earth might enter such a cloud, giving rise 
to magnetic storms. From the table it seemed to him 
that there was a slight preponderance of effect on the 
right side relative to Greenwich, i.e., over the Pacific 
Ocean. Would the presence of a large expanse of water 
be likely to affect the phenomena ? 

Mr. T. Smith asked why the times of sudden commence- 
ment were chosen. He would imagine that similar time 
relationships would hold for any prominent feature. 
One would normally expect greater irregularities just at 
the beginning of the storm than when it was well under 
way. “When it was known that a storm had com- 
menced, wide scale runs could be started and measure- 
ments made on some subsequent outstanding feature: 

A member asked what irregularities might be due to 
lag in the different instruments used in the different 
observations. 

Professor Lees said that when Dr. Chree first brought 
the matter before the Society he had set some of his 
students to work out the correlation factor of Bauer’s 
figures. The factor was so low that there was evidently 
no basis whatever for Bauer’s theory. 

Dr. Chapman, in reply, said he did not put any reliance 
on the actual figures given in the paper. The observa- 
tionalerror was too great. It was the method of treating 
the observations that he thought was of importance. 
He thought diurnal variations were produced at lower 
levels of the atmosphere than storms. By “near neigh- 
bourhood” he meant within about 1,000 kilometres or 
so. He did not think Maunder connected the storm. 
with actual sunspots, but rather with disturbed regions 
Of course, any proper motion of the disturbed region on 
the sun would alter the period in particular cases ; but 
in examining a long series it was best to take the synodic 
period, since the others would be distributed on either 
side of this. He had not yet gone into the energy 
question, but did not think that this would present any 
insuperable difficulties. He did not think the streams 
would diffuse very much. He thought they consisted of 

rticles. They did not necessarily proceed radially 
rom the sun, but might emerge in all directions from 
radial to tangential. is, however, would not seriously 
affect the time taken to pass across the earth. There 
was a definite reason for choosing the commencement 
times of the storms. When the storm was under way 
the magnetic state of the earth was fluctuating, and it 
was difficult to recognise tely particular features. 
There was certainly a lag in the measurements which 
differed in different instruments; but the effect of this 
was tly reduced in the present method of groupin 
the observations, since the same instrument on different 
oceasions contributed results to different groups. In 
this respect the methods had a great advantage over 
classification on a geographical] basis, in which case any 
instrument was always in the same group. 

A paper, entitled ‘* The Entropy of a Metal,” was read 
by Dr. H. 8. Allen. An expression for the entropy of 
1 gram atom of a substance in the solid state has been 

iven by Ratnowsky. a communication to the 

hysical Society in 1916 the author gave the correct 
form of the approximation required for high values of 
the absolute temperature in terms of Bernoulli’s numbers. 
The data required for testing the formula have been 
supplied in a recent paper by Lewis and Gibson, who 
have given values for the entropy of the elements under 
the condition of constant volume, and also under con- 
stant pressure. These values were deduced from ob- 
servations on the _— heat assuming the truth of the 
heat theorem of Nernst, that the entropy of every 
actual substance in the pure state is zero at the absolute 
zero of temperature. It is found that the formula of 
Ratnowsky gives values for the entropy of a solid in 
very close agreement with those obtained by Lewis and 
Gibson. The hypotheses assumed in the theory of 
Ratnowsky are discussed, and the conclusion is drawn 
that these are probably justified as being at least approxi- 
—— true. . 
paper, entitled “On Tracing Rays through an Optical 
et wee read by Mr. T. Smith, 











Tae Instirution or ExecrricaL ENGINEERSs.—The 
secretary of this institution informs us that the scruti- 
neers have declared the candidates mentioned below to be 
duly elected. President, Mr. C, H. Wordingham ; vice- 

idents, Mr. W. A. Chamen and Mr. R. A. Chattock ; 


. treasurer, Mr. J. E. Ki ; ordinary members 

of council: Mr. H. W. Olotien ihe D. N. Dunlop, Sir 
A. Hadfield, Bart., F.R.S., Professor E. W. t, 
.Se., Mr. C. C. Paterson, 0.B.E., and Mr. J. Sayers. 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Work Resumed.—While in some of the Sheffield indus- 
tries there was no cessation of operations at Whitsuntide 
in others the holiday lasted practically a week. But 
this was not in accord with previous arrangements. 
The workers should have started on Wednesday last 
week, but a considerable proportion of them failed to 
turn up at the specified time, and it was Monday this 
week before the city’s industrial machine was in full 
working order again. 


Electric Melting.—Messrs. Hadfields, Limited, who 
were among the pioneers of electric melting both for 
steel and castings, are about to add another furnace 
of the Heroult type to their installation. It is stated 
that they have also placed an order for one of the Greaves- 
Etchells type. Other firms, too, are going in for more 
open hearth furnaces, the intention in some cases being 
to use them as feeders of electric furnaces. 


Iron and Steel.—The heavy branches of the steel trade 
continue to enjoy great activity. In addition to material 
for war purposes, and that demanded by the ship- 
building boom, makers have a considerable ameunt of 
work on hand for rolling mills, forging presses and other 
plant for steel works. There is no appreciable change 
in the state of affairs in the crucible steel section. It is 
being kept fairly busy, but there is a certain slackness 
apparent, compared with the activity which was formerly 
experienced. This fact is principally due to the very 
tight restrictions which are maintained on overseas 
rade. The steel for munitions requirements is being 
gradually increased in volume, and with this upward 
tendency happens to come along a rationing scheme which 
should make matters much more satisfactory for users 
of steel for tools, &c., than would be the case without it. 
Under the scheme, the balance of steel remaining after 
all purely war needs have been met, becomes available 
for equitable distribution among the class of users 
referred to. 


South Yorkshire Coal.—The position in the coal trade 
is very difficult. Included in a very big demand for 
best steams, is a greater call for supplies from France 
and Italy, and this on top of a reduced output consequent 
upon the withdrawal of men from the pits for the Army, 
is naturally causing a pronounced shortage. Cobbles, 
nuts and slack are all still very difficult to obtain, 
practically the whole of the output going away on con- 
tract account. In household sorts there is a marked 
shortage, and one which is wholly out of keeping with 
the time of the year. Merchants have many long- 
standing orders to meet, and the supplies coming for- 
ward are quite inadequate to satisfy them. The Con- 
troller tightens rather than relaxes his pressure, and the 
public must prepare to experience greatly reduced 
supplies for next winter. Cokes are scarce, with prices 
at the maximum. Quotations :—Best branch hand- 
picked, 23s. to 24s.; Barnsley best Silkstone, 23s. to 
238. 6d.; Derbyshire best brights, 21s. to 22s.; Derby- 
shire house coal, 18s. 6d. to 19s. 6d. ; small nuts, 17s. 6d. 
to 18s. 6d.; Yorkshire hards, 18s. 6d. to 19s. 6d.; 
Derbyshire hards, 17s. 9d. to 18s. 9d.; best slacks, 
14s. to 14s. 6d.; seconds, 13s. to 13s. 6d.; smalls, 9s. 
to 10s. per ton at the pit. 


- 





THE NoRWEGIAN IRON anp Steet Inpustry.—Much 
activity prevails within the Norwegian iron and stee] 
industry, and more comprehensive plans will no doubt 
be furthered in due course. The Nias Ironworks are 
on the point of being largely extended with a view to 
adoptingelectricsteel smelting. This would appear to be 
planned on the basis of a new and, it would seem, very 


| advantageous method ; a smaller power station is being 


built for experimental] working and the completion of 
the tests. Great confidence appears to prevail with 
regard to the final results. The Christiania Steel] Works, 
whose new capital has been fully subscribed, are building 
a plate rolling mill having a capacity of 30,000 tons per 
annum. It is proposed in course of time to erect three 
open-hearth furnaces, one only being put down in the 
meanwhile. The Hamar Iron Foundry are erecting a 
section and rod rolling mill. 





LarGE GERMAN Wak Prorits.—Balance sheets show- 
ing large and increasing profits for last year continue to 
be forthcoming, a fact. which also refers to several! 
Silesian concerns. Thus the Upper Silesian Iron 
Industry Company, Gleiwitz, shows the following net 

fits for the last five years :—1913, 571,119 marks ; 
914, 239,171 marks; 1915, 1,993,417 marks; 1916, 
3,312,077 marks ; 1917, 4,461,002 marks ; the dividends 
for the five years in question being respectively 0 per 
cent., 3 per cent., 6 per cent., 10 per cent., 14 per cent., 
the writings-off having during the same period risen 
from 2,000,000 marks to 5,000,000 marks, in addition 
to which the Bibiella installations have been entirely 
written-off. At the Juliane Hiitte, a new blast furnace 
has been erected and at the Baildon Hiitte a new plate 
rolling mill; whilst at K6énigsschuld a couple of new 
shops have been built. The share capital is 28,000,000 
and debentures amount to 15,330,000 marks. 

The workmen number 10,237, and wages and war profit 
tax have risen from 19,990,000 marks in 1916 to 
31,600,000 marks for 1917. The Silesia Ironworks, 
which are also fully employed in all branches, pay 21 
percent. for last year against 18 = cent. for the previous 
7. The Baer Stein Meta! Goods wae of 
lin, earned net profits for 1917 amounting to 1,129,316 
marks against 664,246 marks for 1916, the dividends for 
the two being respectively 30 ge cent. and 25 per 
cent. company continues to employed to the 


fullest of its capacity with army contracts. 
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NOTES FROM THE NORTH. 
Guiascow, Wednesday. 

Scotch*Steel Trade.—Probably nothing could exce] the 
activity which still goes on in every steel-making estab- 
lishment in the district, nor, in the light of present 
circumstances, is there the slightest chance of any 
abatement for some considerable time to come. For 
one thing, the demands of the shipbuilding yards are 
incessant, and it is only by the utmost exertion. that 
these can be satisfactorily met. In some quarters 
this is more easily managed than in others, with the 
result that at the moment a certain proportion of the 
output is available for the use of ordinary mercantile 
consumers who are not engaged on Government contracts 
or upon work which might, strictly speaking, be termed 
of national importance. At the same time, although 
export is still “off,” slightly increased shipments of 
finished steel to France have been possible. Light 
sectional material is in constant request and, of course, 
ship and boiler plates. 


Malleable Iron Trade.—The turning out of large 

uantities of material, both iron and steel, for purely 
Govcnaninas purposes absorbs the whole time and 
attention of malleable iron makers, and the pressure,is 
most intense. An exceptionally heavy demand exists 
for small sections, the output, in consequence, on a 
very high level. Rumour presupposes an early fall in 
the ~— of steel, but as yet no definite pronouncement 
can be made. 


Scotch Pig-Iron Trade.—So far as is compatible with 
the many drawbacks against which manufacturers have 
to contend at the present time, maximum outputs of 

ig-iron are being wll maintained and orders are so well 
oked up that smelters are most reluctantly compelled 
to turn a deaf ear to the solicitations of many consumers 
who ee, do a deal with them. So long, how- 
ever, as producers find a difficulty in supplying more than 
a percentage of the desired material to each customer 
there is little chance of any of the output being available 
for the use of outsiders, no matter t their necessity. 
Every grade is in strong demand, with hematite still 
leading, the continued activity in the stee] works in the 
West of Scotland area being such that every ton produced 
is promptly absorbed on Government account. Little 
or no export is being put through. No change in price 
has yet taken place. 


Holidays in Prospect.—The announcement by the 
Ministry of Munitions that, so far as is possible, the 
customary holidays for industrial workers in Scotland 
shall take place at the usual time and for the usual period 
has been received with considerable satisfaction by those 
most intimately concerned, the upheaval] of the past two 
summers being still fresh in the memory of everyone. 
During the next six weeks everything possible wil] be 
done in the Glasgow district to speed up the output of 
munitions of all description, and the engineering and 
shipbuilding material required for the many Government 
contracts on hand so that delivery may be ensured 
before the various works close down for the Fair Holidays. 
Efficient production demands a certain period of rest 
and recreation for those employed upon it, besides which, 
machinery and plant running continuously requires 
regular overhauling, which is only possible when holidays 
are in progress, and the recognition of these facts tends 
to a better understanding all round. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
Mrpp.LEesBRroucH, Wednesday. 

The Cleveland Iron Trade.—There is much activity 
in all branches of the Cleveland pig-iron trade. By no 
means the least contribution to the better state of 
affairs is the much improved facilities for transport of 
iron. With the better and still increasing supply of 
trucks substantial parcels of iron are being railed to 
Scotland. The commencement of the issue of June 
allocations of foundry iron have brought in home buyers, 
and deliveries over the incoming month now promise 
to be heavy. All the Scottish foundries are very busy 
and are making big demand on pig-iron output, the 
supply of which, however, is very plentiful. re is 
no abatement in the home demand for forge iron, though 
recent deliveries have been such as to enable consumers 
to accumulate a little stock. It is very gratifying to 
hear decidedly better accounts of export trade. For 
home consumption, No. 3 Cleveland pig-iron, No. 4 
foundry, and No, 4 forge are all quoted 95s., and No. 1 
is 998. ; and forshipment to France and Italy, No. 3 and 
the lower qualities are 114s. and No. 1 is 119s. 


_ Hematite Iron.—The somewhat sudden improvement 
in the tonnage situation has brought forward demand 
for hematite iron for 7 under existing licences, but 
most of the make has n distributed to home steel- 
makers, because of the absence of facilities for shipment, 
and now that vessels have become available iron is not 
easily obtained forloading. The situation will be pretty 
quickly adjusted. Nos. 1, 2 and 3 East Coast brands 
are 122s. 6d. for home use, and 147s. 6d. for export 
to France and Italy. 


_ Manufactured Iron and Steel.—Great activity con- 
tinues to characterise all branches of the finished iron 
and steel industry. Output, though huge, and still 
steadily expanding, fails to keep pace with the enormous 
demands. nufacturers are still almost entirely 
occupied on Government work, and in the supply of 
shipbuilding material. Quotations, al] round, are strong. 
To home customers, common iron bars are 131. 17s. 6d. ; 
best bars, 14/. 5s. ; best best bars, 141. 12¢. 6d. ; iron ship 
plates, 161. 10s.; iron ship oy 131. 178. 6d.; steel 
ship plates, 111. 10s.; steel ship angles, 111. 2s. 6d. ; 





steel boiler plates, 12/. 10s. ; steel hoops, 171. 10s. ; and 
heavy steel rails, 102. 17s. 6d. Prices for export are not 
fixed, but approximately they are 40s. to 60s, above home 
quotations, 


Coke.—As was anticipated, supply of coke has become 
insufficient fully to cope with the heavy demand. The 
scarcity is not very serious, but some inconvenience is 
being experienced in consequence of shortage. For 
home use foundry quality is Se. ; average blast-furnace 
kind, 33s. at the ovens; and low phosphorus sorts 
35s. 6d. at the ovens. For shipment to neutrals foundry 
and furnace coke are quoted 55s, and upward, and little 
business is passing. 





NOTES FROM THE SOUTH-WEST 
Carpirr, Wednesday. 

The Local Markets.—Business on the markets has been 
very quiet since the Whitsuntide holidays last week. 
The miners were very dilatory in returning to work, 
and throughout last week there was a good deal of 
absenteeism. Moreover, the strikes in Monmouthshire 
have accentuated the shortage, with the result that the 
output is totally inadequate to meet immediate require- 
ments. A determination has been expressed on the 
market to ask higher figures for neutral shipments, but 
for destinations other than those under the contro] of 
the authorities there has been no coal available, and 
accordingly none but scheduled prices have been realised. 
It is understood that the Coa] Controller is taking action 
with a view to a revision of these mcg 
and it is regarded as extremely likely that on the intorma- 
tion that is now to be supplied to him, the Controller will 
agree to such an increase in the price of coal as will 
make the control scheme self-supporting. Fertunately 
there has been no cessation of work in the steam coal 


areas, with the result that there is a better supply of the Wi 


coal required for the most essential purposes. 


Newport.—Business in Monmouthshire coals has begn 
brought almost to a standstill np Aa strikes in the 
Eastern, Western and Rhymney Valleys. The result 
has been an enormous reduction in output, and a com- 
plete dislocation of trade. The outlook fortheimmediate 
future is very uncertain, as it is not yet known whether 
the men will be induced to return to work. 


Unrest in the Coalfield.—A most regrettable situation 
now obtains in the Welsh coalfield. The storm centre 
is in Monmouthshire, at the Tredegar Collieries. Here 
the men came out suddenly because the management 
refused to meet a deputation from what is known as 
the Combine Committee in order to adjust a grievance 
at one of the collieries—that of Markham. When the 
Standing Joint Disputes Committee of the Coal Board 
met last Friday an agreement was arrived at between 
the owners and workmen’s representatives and terms 
agreed upon under which the men were to resume 
work. At a meeting of the Executive Council of the 
South Wales Miners’ Federation held on Saturday these 
terms were unanimously approved by all the members of 
the council, including even the most extreme section 
whose view was that the men should now resume work 
as they had secured all that they came out to secure. 
Members from the council were sent to Tredegar on 
Sunday, but, contrary to all anticipations, the men 
bluntly refused to act on the advice of their leaders. 
Moreover, emissaries were sent around to induce other 
collieries to join in a sympathetic strike, and they 
succeeded so well that by yesterday upwards of 
35,000 men were idle. A special meeting of the 
Executive Council was held yesterday and t 
telephonic and telegraphic messages were received fem 
the Coa] Controller, pointed out that the men were 
“jeopardising the chances of their fellows in the 
trenches.” putations from both the owners and 
workmen’s representatives were hurriedly summoned 
to London to-day, but there has been no improvement 
in the situation, for although at some of the collieries 
the men to-day went back to work, the strike movement 
spread to other collieries, so that if anything more 
men are idle to-day than was the case yesterday. A 
special conference of delegates representing the whole 
of the coalfield has been convened to t Place at 
Cardiff to-morrow, and all now depends on what attitude 
will be taken by the delegates at this conference. 
Altogether the position is one which causes grave concern, 
as the men are acting in defiance not only of the owners 
and the Coal Controller, but also of their own leaders. 


Restricted Supplies of House Coal.—The details of the 
new scheme for the restriction of the supply of coal for 
household consumption have now been issued by the 
South Wales Coal and Coke Supplies Committee. In 
April last the committee decided that they would be 
unable to continue the operation owing to altered 
conditions in the coal trade. The-reduction in outputs 
due to the comb-out of a large number of workmen for 
military service, and the increasing requirements of the 
Allies, munition works, &c., made it impossible for the 
committee to instruct colliery companies to supply 
certain fixed quantities of house coal per month, and 
accordingly a new scheme of distribution was prepared 
involving restrictions on consumption. It is this me 
which has received the approval of the Controller of 
Coal Mines, and is now m i diate] perative. 
Tts main features are a reduction at present of 10 per 
cent. in the a supplied by the colliery companies 
below that supplied in y, 1915, and a reduction in 
June of 20 per cent. on the quantity supplied in June, 
1915. But the scheme # the conditions, also, 
under which supplies are to be made by factors, merchants 
and retail merchants, and these specify: (1) That the 
supplies by merchants to basketmen must be reduced 
by 20 per cent. during June; (2) that merchants must 











not deliver more than 1 ton per calendar month to any 


house ; (3) that coals delivered in bags or baskets must 
not exceed 5 cwt. in any week to the same houscholder ; 
and (4) that colliery companies must not supply a truck 
of coal to any private individual who is not a coal 
merchant, without the sanction of the committee. The 
final clause of the new scheme provides that merchants 
who obtained their supplies from districts other than 
Monmouthshire and South Wales prior to the Coal 
Reorganisation Scheme, are entitled to the monthly 
quantity which was allocated to them by the Committee 
at the latter end of 1917, and the colliery companies are 
instructed to supply such quantities subject to the 
reductions indicated. 
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Tue Norra or Encianp InstiruTe oF MINING AND 
Mecuanicat Encrverrs.—Saturday, June 1, 2 p.m., 
in the Wood Memorial Hall, SeenstloapenAiges. 
The following paper will be m for discussion: “A 
System of Storing and Filling Smal! Coal, with Remarks 
upon the Prevention of Spontaneous Heating in Coal- 
heaps,” by Mr. John Morison [Trans.Inst.M.E., 1918, 
vol. lv., page 76}. The following paper will be read or 
taken as : “Notes on Overhead Kepe Winding 
Plant, Plenmeller Colliery, Haltwhistle, Northumber- 
land,” by Mr. George Raw. 


Tue Rénrozn Socretry.—Tuesday, June 4, at 

8.15 p.m., at the Royal Society of Arts, 18, John-street, 
Strand, W.C. Paper and demonstration by Mr. N. E. 
Luboshey, “An Investigation of the Photographic Action 
of X-Rays.” 
Tue Instrrution oF Gas Enorverrs.—Tuesday and 
ednesday, June 4 and 5, the annual genera] meeting 
will be held at the Institution of Civil Engineers, Great 
George-street, Westminster. The President, the Right 
Hon. Lord Moulton, G.B.E., F.R.S., will take the chair 
each day at 10.30 a.m. 


Tae Royat InstrrvuTion or Great Brirarmn.— 
Friday, June 7, at 5.30 p.m., a discourse will be delivered 
by Sir Boverton Redwood, Bart., D.Sc., F.R.8.E. The 
subject will be “The Romance of Petroleum.” After- 
noon Lectures at 3 p.m.:—On Tuesday, June 4: Sir 
Arthur Newbolt, D.Litt., on “‘The Poetry of Thomas 
Hardy: The Shorter Poems ” (Lecture IT). On Thurs- 
day, June 6: Lieutenant-Colonel Sir Francis Young- 
husband, K.C.8.L., K.C.1.E., on “The Abode of Snow: 
Its Appearance, Inhabitants and History ” (Lecture III). 
On Saturday, June 8: Professor Charles J. Patten, M.D., 
Sc.D., on “‘ Problems in Bird Migration ” (Lecture ITZ). 








Type Metat Returns Orper.—An Order of the 
Ministry of Munitions, dated May 28, provides that all 
persons having or controlling ‘yRe metal exceeding 
1 ewt. in amount must, within 28 days, make a return 
thereof to the Controller, Non-Ferrous Materials Supply, 
Ministry of Munitions, MS/ES, 8, Morthumbestans. 
avenue, London, W.C. 2, distinguishing between (a) type 
in case, including standard matter in chase and paper, 
on boards and matter awaiting distribution ; (b) spacing 
miaterial,including quads, quotations, meta] furniture 
and leads; (c) electric plates and blocks; (d) stereo 
plates, meta] and blocks ; (e) linotype metal; (/) mono- 


t metal. All applications in regard to the Order 
should be ebtoemed to the Controller and marked 
“Type metal.” 





Toe “SurrrmcG Wortp” Year Boox.— The 
“Shipping World Year Book ” of which a copy has been 
sent us, is edited by Major Jones, and is published at the 

rice of 10s. net by The a World, Effingham 

ouse, Arundel-street, Strand, W.C. 2. It contains 
over 2,000 pages of information on al] the British, 
colonial and foreign ports, the information covering the 
situation of the port, the class of trade in imports and 
exports, the accommodation available, charges, pilotage, 
and the names of the officials. About half of the book 
is taken up by the customs tariffs of all nations. Like in 
the former editions, a carefully prepared map of the 
world, specially prepared by Mr. J. G. Bartholomew, 
F.R.G.8.,isinserted. The editors are to be congratulated 
for having brought out the present edition in the difficult 
times now ruling. 





Tae Wiser Wricst Memormt Lecorurr.—The 
Wilbur Wright Memoria) Lecture will be delivercd in the 
Central Hall, Westminster, on Tuesday, June 25, at 
8 p.m., by Dr. W. F. Durand, chairman of the American 

visory Committee for Aeronautics and Scicntific 
Attaché to the American Aviation Mission in Europe. 
‘His subject will be “Some Outstanding Problems in 
Aeronautics.” The Wilbur Wright lecture is given out 
of the proceeds of an endowment founded in 'y 
of the late Mr. Wilbur Wright, the founder of modern 
flying, and the premium this year has been awarded b 
the Aeronautical Society of Great Britain, which 
administers the fund, to Dr. W. F. Durand. The entry 
of the United States of America into the war could not 
be more suitably celebrated than by recognising the 
great services of the late Mr. Wilbur Wright to aero- 
nautics, and the selection of Dr. Durand, not only on 
account of his many qualifications, but also on account 
of the great nation to which he belongs, is a singularly 
happy one. It is likely that there will be a t many 
applications for tickets, and those desiring them should 
apply at the earliest possible o' unity to the Secretary 
of the Aeronautica] Society of t Britain, 7, Albemarle- 








street, Piccadilly, W. 1. 
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THE ECONOMICS OF STEEL DUMPING. 


THERE is a growing volume of opinion against 
dumping, but the real economics of the practice as 
pursued by Germany is by no means well under- 
stood. It is of vital importance that the subject 
should be closely studied and definitely tackled. 
German dumping is not the casual selling of surplus 
goods below cost price, but real economic war, 
subsidised by Government and organised by great 
syndicates with the deliberate intention of destroy- 
ing competitive trades and securing monopolies 
for German industries. This policy has not only 
been specially directed against British trade, but it 
has had the widest possible scope in this country 
by virtue of our peculiar fiscal system. Largely as 
a result of German dumping upon our home market, 
and those of our Colonies and present Allies, our 
iron and steel trades made very little headway for 
many years. The Germans, after a late start, and 
in spite of poorer natural resources and shipping 
accommodation, much smaller colonies and less 
investments in foreign railways and other under- 
takings requiring iron and steel, actually beat us 
in iron and steel exports before the war. 

The Paris Economic Conference of 1916 recom- 
mended the Allied Powers to adopt measures for 
the prevention of enemy dumping after the war, 
but did not specify any particular measures for the 


ts,| future. Our British Departmental Committee on 


the Iron and Steel Trades has recommended anti- 
dumping legislation and the imposition of maximum, 
general, and minimum tarifis on imports. The 
committee presided over by Lord Balfour of Burleigh, 
in its comprehensive report on trade and fiscal 
policy in general, states that it understands dump- 
ing to be the sale of goods in a particular market at 
prices lower than those at which the goods are 
offered in the country of manufacture, but it does 
not think it necessary, or expedient, to establish a 
comprehensive tariff scheme. Nevertheless, the 


2| majority conclude that “the producers in this 


country are entitled to require from the Govern- 
ment that they should be protected in their home 


13| market against dumping,” and recommends that 


“action be taken” on the lines, though not neces- 
sarily in the form, “adopted in Canada.” The 


7) Dominion Tariff provides, briefly, that articles im- 


ported into Ca of a class made in Canada, and 
at a price to the importer less than the “ fair market 
value” of the same article when sold for home 
consumption in the country of origin, shall in 


9| addition to the ordinary import duties levied be 


subject to a tariff, or special pers duty, equal 
to the difference between the said selling price of 
the article for export and the said fair value thereof 


623 | for home consumption in the country of production. 


The Canadian manufacturers are generally relied 
upon to furnish the information necessary for the 
levying of the special dumping tariff, and this is said 


to work satisfactorily. There is general belief that 
the law has had a deterrent effect upon foreign 
dumping, and has been of material assistance to the 
Dominion’s industries. At all events, the Canadian 
irom and steel trades are rapidly ing. The 
recommendations of the majority of the Balfour 
Committee are a distinct advance upon anything 
previously advanced by any authoritative body ; 
but there is a strong minority report against the im- 
position of anything beyond a 10 per cent. tariff, 
which, it is contended, would give the home manu- 
facturer “security against unfair competition.” 
This hardly squares with the fact that German 
steel has been exported and sold in this country 33 
\per cent. below home prices. We fear that in the 
highest quarters there is still failure to understand 
the principles, objects, and effects of German dump- 
ing. We say German dumping because Germany is 
the only country that has adopted on a large. scale 
this particular form of State and syndicate sub- 
sidised exportation for the same set purpose. 

To begin with, dumping means selling goods 
abroad at lower prices than at home. German 
dumping means persistently selling goods abroad 
below actual, or natural, cost of production until the 
industries of the country that is thus dumped upon 
are ruined and the Germans can effect a monopoly 
and then charge what they like. Now if we were 
simply a nation of consumers the more dumped 
goods we got the better off we should be, for we 
should get more for our money. But we may be 
quite sure that if we were only a nation of con- 
sumers the Germans would not offer us dumped 
goods. They would have no interest in so doing. 
It is because we have certain productive trades 
which they wish to damage or ruin that they offer 
this kind of competition. They stoop to conquer. 
The supreme point in the problem, which we ought 
to keep clearly in view, is that primarily we are a 
nation of producers. It is only by producing things 
and selling them that we are enabled to become 
consumers. If our productive industries go we are 
ruined. The question of consuming, or of spending 
money, or of how much we get for our money, is 
only a secondary one compared with the importance 
of producing. The German dumping policy was 
deliberately aimed at the destruction of competitive 
—especially British—industries. The Germans did 
not subsidise their goods and offer them below cost 
of production out of love for us as consumers, but 
‘to beat us as producers and traders. That was the 
object. How well on the way to success it was may 
be evidenced by the fact that our iron and steel 
trades were rendered all but stagnant at a time 
when the world’s demand was growing enormously 
—it was almost impossible to obtain new capital to 
extend and modernise our works—whereas the iron 
and steel industries of Germany were advancing 
almost by leaps and bounds. In fifteen years 
German iron and steel exports increased. by 500 per 
cent. Ours increased by less than 50 per cent., and 
even this was considerably offset by a big increase 
of imports that should have been produced in our 
own works. We were being beaten first in one line 
and then in another, first in one market and then in 
another, by German dumping. At the pre-war rate 
of progress Germany, well inside of another twenty 
years, would have nearly swept our products off the 
world’s markets. Prior to the adoption of the 
German dumping policy we were exporting five times 
as much iron and steel as our rivals, as we were 
quite entitled to by reason of our great dependence 
on manufactured exports to balance abnormal food 
imports, and ‘in consideration of our huge Colonial 
possessions and capital investments in foreign rail- 
ways and similar undertakings needing steel goods. 
But in the last twelve months before the war the 
Germans exported over 1,000,000 tons more than 
we did, and they were going rapidly ahead while 
we were only marking time. 

To carry out the dumping policy it was necessa: 
for the Germans to be both protected and enpetsel. 
Dumping was not allowed in the German market. 
Imports had to carry the handicapping weight of a 
German tariff before they could enter that market. 
Thus the home producers were sheltered from out- 
side competition. The home market was res rved 
for them and they were e to increase their 





capacity. Then the syndicates set to work to 
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capture foreign markets, and they conveniently 
found the British market open and free, and our 
Government, municipalities, railway companies, and 
traders in general quite willing to accept cheap 
German products regardless of the welfare of our 
home Seiuadelen Every important material and 
article of steel production in Germany was syndi- 
cated, from iron ore to sewing machines and wire 
nails. A standard home price was fixed for a 
certain material, say coal, or pig-iron, but upon every 
ton estimated as used by the manufacturers in pro- 
ducing goods for export a rebate was allowed, with 
extra rebates for the capture of trade in any par- 
ticular market. These rebates sometimes amounted 
to as much as one-third the natural cost of pro- 
duction. Besides that, the Government carried the 
goods for export at half the ordinary rates on its 
railways, and it subsidised the vessels taking the 
goods abroad. No wonder British producers were 
frequently undersold! Moreover, the Germans were 
guilty of much false marking and the piracy of 
trade marks and names. Protected from outside 
competition by tariffs, assured of bounties and sub- 
sidies on his exports, and with a free market in one 
great country, the German manufacturer could go 
on in confidence adding to the capacity of his works, 
increasing employment and trade. Such was dump- 
ing, as practised by Germany. The need for its 
prevention in the future, as far as it is possible to 
prevent it, and by almost any and every available 
means, should be clear and indisputable. 

Some people contend that very little of a practical 
nature can be done to prevent dumping; that if 
we and our Allies and Colonies attempt to penalise 
German goods in those markets we can control, the 
Germans will export all the more to neutral markets 
and beat us there. It may be conceded that 
nothing we can do will stop the Germans subsidising 
their products if they are disposed to do so; but 
it is certain that tariffs would make it more difficult 
and costly. Discriminatory tariffs against dump- 
ing could do a great deal here, as they have done 
something in Canada, where the scope was smaller. 
And they would encourage the extension of our 
industries and make them stronger to combat 
competition both at home and abroad. Every pro- 
gressive country except Britain already to some 
extent protects its market and industries from 
dumping. We have been the only nation to feel the 
full effects of this policy. With protection against 
this kind of thing, with preferential trading with 
our Colonies and Allies, and with organisation 
among our producers and traders, the enemy would 
have little or no scope for his tactics, and we could 
easily beat him. We could go on increasing our 
capacity ard our businesses, our employment and 
commerce. 


THE MODERN LANGUAGES REPORT. 

Tae Modern Languages Report recently issued 
covers a very extensive field. Among its recom- 
mendations is one to the effect that the systematic 
and scientific study of foreign countries be 
encouraged by the Foreign Office. A higher 
language qualification, the report states, should be 
required in the general Consular Service and for 
student interpreters for the Far East. Before 
going out, student interpreters should receive an 
intensive training at home in the language and 
phonetics of the country to which they are allotted. 
The report further asks that more opportunity be 
given to the officers of the Army and Navy to acquire 
knowledge of modern foreign languages. It is asked 
that phonetics form part of the training of all 
entrants to the public service whose duty will lie 
in foreign countries. 

The business community in every considerable 
centre of foreign trade are recommended to combine 
with the education authorities to form institutes of 
languages; business men should encourage the 
study of foreign languages by apt members of their 
staff. Neither Latin nor Greek should be made 
compulsory for an arts degree in any of our 
universities. The new professorships and lecture- 
ships should be, some of language and philology, 
some of literature, some of the history of institutions, 
some of the economics of the five principal European 
countries. The number suggested is 55. professor- 
ships and 110 lectureships; the allowance for 








French would be half as much again as for each of 
the other four languages. 

The report proceeds to deal with the study of 
foreign languages in secondary schools, and recom- 
mends that an institution be established in London, 
similar to the School of Oriental Studies, for the 
intensive study of the greatest possible number of 
European tongues, with the geography, resources, 
industries, and all valuable information concerning 
the minor countries. Emphasis is laid upon 
phonetic instruction, and upon the requirement of 
the aid of foreign atsistants. Another recom- 
mendation deals with the study of the products, 
industry, trade, economic conditions of the chief 
European countries, and also of North and South 
America, Asia and Africa. 

As will be seen from the above very brief abstract 
the report covers, as we stated, a very wide field, 
a far greater one than would be expected from its 
mere title. The language question is perhaps 
rather out of the scope of the subjects we usually 
deal with, but we view the recommendation with 
respect to our consular service with very great 
pleasure, in that it. shows a tendency on the part of 
the Government offices to appoint for British 
consular duties British citizens only ; hitherto the 
number of non-British subjects, and subjects who 
have proved to be enemy subjects, who were 
officially appointed to take charge of British 
interests abroad, was nothing less than calamitous. 

Stress is laid in the recommendations upon 
phonetics, and upon phonetics acquired in this 
country. A number of professors and lecturers 
are recommended for appointment in each centre in 
which instruction in foreign languages is to be 
given. If we take the French language, for example, 
we suppose that care will be taken to appoint in 
the same centres professors and lecturers taken 
from different parts of France, with a view 
thoroughly to acquaint British students not only 
with perfect French, but with the accent habitual 
to the North of France, to Paris, to the Centre 
and to the South of France. We may give the 
following illustrations to make our point clear. 
A British student who has not had the advantage 
of listening in this country to a lecturer from the 
South of France will not have had the opportunity 
to acquaint himself with the accent current in that 
part of the country, nor with the extraordinary use 
made there of the past-definite. He will have 
learned nous sommes allés; nous avons été, and will 
be utterly lost when he hears, instead, nous alldmes ; 
nous fimes. The use of the past-definite tense 
in French, one of the peculiarities of the South of 
France method of speech, is correct; it is even 
painfully correct. It is a critical tense to use in 
writing; it acts like a maelstrom, for when once 
a piece of writing is started in that tense there is 
no leaving it, and the past-definite ending of most 
French verbs sounds ridiculous to other than 
Southern French ears. We may add the following 
as other, but vice versa, examples of the effect of 
accent or phonetics. A French citizen who has 
learned English in France from a Scotch, or from a 
Welsh, teacher exclusively, has no difficulty in 
differentiating from each other the two words 
work and walk, among very many other instances of 
words having a very similar pronunciation. If, 
however, he come to London, he is entirely lost, as 
far as these two words are concerned, for the simple 
reason that the Scotch accentuate each letter. Not 
that the Scotch pronunciation has not its pitfalls 
for a foreigner ; we defy any foreigner, even Scotch 
taught, to find out the orthography of the proper 
noun Searl in the Scotch pronunciation Sarrol. 
Therefore the recommendation “that before going 
out student-interpreters receive an intensive training 
at home in the language and phonetics of the 
country” is, to our mind, a difficult proposition. 
It is not insurmountable, as we could instance, but 
it requires a series of good teachers. The study of 
languages demands, above all, on the part of the 
student an inclination, a bent for the particular 
language or languages. It has always been, and 
will always be, useless to attempt to teach languages 
indiscriminately ; a selection will have to be made 
among the students following the whole curriculum 
of a class, a selection which in the first place must 
start from the consciousness of the student himself, 





although much depends in the study of languages, 
as in all other studies, upon the qualifications of the 
teacher and the amount of interest with which he 
can surround his work. 

It is quite true that one knows a language only 
when one has acquired the grammar of that language, 
but it is quite wrong, as many authorities have 
stated over and over again, to commence teachi 
a language by loading the brain of the student with: 
numerous rules and innumerable exceptions. Words 
should be taught first, then the use of these words, 
and we have found no better method of learning. 
a language among the many methods in existence 
than the one frequently ridiculed as containing only 
imporsible phrases. These phrases remain imprinted 
on the memory and have their full effect. 

The report also recommends that a committee 
be appointed to inquire into the potentialities of 
artificial languages and the desirability of encourag- 
ing the development and use of one. We need not 
enlarge upon this. Before a universal language 
can be established much unification work must be 
done, such as the establishing of one single tempera- 
ture scale, one single series of weights and measures, 
and so forth. French engineers having dealings 
with Great Britain, and knowing enough of the 
English language for ordinary purposes, are quite 
at a loss when they are given temperatures in 
Fahrenheit degrees, and proportions of furnace 
charges in hundredweights. If we could talk to our 
foreign friends in their own language and freely use 
their own measurements, business facilities would 
be greatly increased. This is the object of the vast 
programme of the ‘Modern Languages Report,” 
and we wish the promoters every success in their 
endeavours. 





ELECTRIC POWER FOR OIL-FIELD 
REQUIREMENTS. 

In the early days of electric power transmission 
the visitor to a primitive oil field would scarcely have 
recommended the introduction of electric apparatus, 
apt to spark, into localities in which suspiciously- 
smelling gases spread from the mouth of the oil 
wells, and where he was cautioned not to strike 
matches. As a matter of fact, it is only within 
quite recent years that electric power has gained a 
firm footing in oil districts, and this not only for 
considerations of safety. Though there was an oil 
industry before an electric industry in the modern 
sense had grown up, the brisk development of both 
these industries dates back to about the same period 
of the past century and to days in which the electric 
motor possessed little of the adaptability and relia- 
bility which have made it so valuable since. Thus 
the steam engine, later rivalled by the internal 
combustion engine, commanded the field, there was 
hardly any literature on electric power for oil drill- 
ing before 1913, and even at present Mr. J. Wilfred 
Burford, M.Inst.M.E., A.M.1.E.E., in presenting a 
paper on “The Application of Electric Power to 
Oil Field Requirements,”* to the Institution of 
Petroleum Technologists last Tuesday, estimated 
that 60 per cent. of the oil districts power was pro- 
vided by steam plants, 35 per cent. by gas and oil- 
engines, and 5 per cent. by electric motors. Pro- 
gress has been rapid of late, however. When Mr. 
Rappopcrt spoke on the “Internal Combustion 
Engine on the Oil Field” before the same institu- 
tion three years ago, he gave the following figures 
for the years 1910-11-12-13, and the Baku oil 
district: total numbers of wells 3,001, 2,964, 3,422, 
3,760 ; wells operated electrically, 361, 440, 657, 
1,002. Electric power has made great strides in the 
last years mentioned, therefore, and from informa- 
tion which Mr. Burford had received since drafting 
his paper, the capacity of the electric generating 
plant at Baku had grown to 70,000 kw. ; Rumania 
had about 200 wells operated electrically aggregating 
14,000 h.p.; electric motors were used last year in 
the Singu field of Upper Burmah, and in America 
1,750 wells aggregating 38,000 h.p. were driven 
electrically ; 23,100 h.p. out of the latter total were 
used in California, the oilfields of the Appalachian 
Range and of Kansas City being next in importance 
with more than 5,000 h.p. each; one well in Western 





* The paper was read in the author’s absence; Mr. 
Burford was for some time in the Peru oil district, to 
which he referred in his paper. 
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Virginia had been electrically driven to a depth 
of 3,100 ft. 

That electric power has had a hard struggle. to 
secure a footing in oil fields is not to be wondered 
at. If a productive oil source were to be struck 
to-morrow in England, electric power would at 
least be as ready at hand as steam power. But when 
oil is spotted in some out-of-the-way place, and 
extensive drilling has to decide in the first instance 
whether the occurrence is likely to justify the lay- 
ing down of plant, the prospector will take the power 
which he can obtain within reasonable time and cost 
and which he can manage, and he will try to get on 
with boilers and steam or oil engines without bother- 
ing about first converting his primary energy into 
electric energy for more economical working. Oil 
fuel or gas fuel may be available after the first 
success, and the relative efficiency of his plant will 
be a secondary question. When afterwards oil 
flows plentifully, the company is apt to act on the 
principle that big production beats small economies, 
as long as the good time lasts. It might be shown to 
them that the steam plant efficiency will hardly 
rise above 4 per cent. in oil drilling, while gas and 
Diesel engines may realise 30 and even 50 per cent., 
by utilising waste heat, and that electric motors 
promise even higher economy; Mr. Burford was 
rather optimistic in these latter estimates and 
hopes. The engineer on the spot will hesitate to 
risk, with his unskilled men, breakdown of the 
electric transmission and machinery which may 
mean a long shut down. Every industry has to 
learn its own lessons, moreover, and the husbanding 
of natural resources is quite a modern doctrine. 
Twenty years ago, Mr. Burford pointed out, it was 
usual for a colliery to consume 10 or 12 per cent. 
of its output for its own working, a figure which 
electric supply from centralised plants had reduced 
to 3 per cent. The Baku oil fields used in 1913 
15 per cent. of their oil for fuel, representing a 
value of 2,600,0001.; in another field the fuel 
demand per month amounted to 250 tons out of a 
total of 6,000 tons. 

Power is needed on the oilfield for a great many 
different purposes, and almost everywhere heavy 
load fluctuations have to be reckoned with. There 
is the drilling of the well by different systems which 
put very different demands on the machinery; the 
raising or production of the oil by pumping and by 
other means ; the repair of the wells, pulling up rods 
and tubing, cleaning out cavings, &c., and finally, 
the general power requirements for the storage and 
transport of the oil, for water, lighting, the shops, 
&c. The problems are similar and far more complex 
than in electric loom driving, crane working and 
in rolling mills, where their solution took a much 
longer time than the general advocates of electric 
power had anticipated. Because of these difficulties 
Mr. Burford discussed the tasks the different 
machines have to perform, before speaking of the 
type of motor and system to be adopted. 

As regards drilling, three chief methods are in 
use. In cable tool drilling the power is imparted to 
a band wheel, about 12 f+. diameter, which through 
a crank and wrist pin on one end of its shaft raises 
and drops the tool; on the opposite end of the shaft 
is a chain-sprocket wheel clutched with the calf- 
wheel which works the casing of the well. The bull 
wheels, on the shaft of which the drilling line is 
spooled, are connected by ropes with the band wheel, 
beyond which is the sand reel (worked from a 40 in. 
friction pulley), on which is spooled the steel sand- 
line for baling detritus from the well. A wide range 
of speed and fine regulation is essential for these 
various operations, especially when drilling with a 
manila cable, as the motion of the walking beam, 
from which the drilling tools are suspended, must 
synchronise with the natural period of vibration 
of the drilling line; these difficulties are not so 
pronounced with a wire line. The number of blows, 
60 at the top of the well, will decrease to 25 at a 
depth of 1,200 or 1,600 ft., if a manila line should be 
retained to that depth; generally, however, the 
manila line is discarded at 500 ft. depth and re- 
placed by a wire line, which allows of greater speed 
at greater depth. The band wheel speed requires 
fine regulation especially for the range between 30 
and 50 revolutions, but a top speed of 65 revolutions 
and a slow creeping speed are also wanted. Raising 





the tool will call for from 15 to 25 h.p., the stroke 
varying from 2} to 5 ft.; to draw the tool from an 
8 in. hole at an average speed of 250 ft. minute 
will need 30 or 35 h.p. for about 10 minutes in a hole 
of 2,500 ft. deep. The next operation, baling the 
detritus from the well, will demand 25 h.p. or 30 h.p. 
for three or four runs, each of about 5 minutes. 
The casing operations make the heaviest and most 
fluctuating power demands (more than 100 h.p.) 
The power may fluctuate with frequent reversals, 
and a high torque must be available at slow speed. 
Here, Mr. Burford thought, the superiority of the 
electric motor over the oil or gas engine for drilling 
operations was particularly striking. On the other 
hand the readiness of the electric motor to take up 
overloads might, in absence of proper supervision, 
lead to the derrick being pulled in or the pipe in 
the well being parted during pulling operations. 

The second system of drilling, the pole tool 
system, makes use of iron rods of about 1 in. 
diameter, 40 ft. in length, for raising and lowering 
the drilling tools ; the walking beam is much shorter 
and heavier, and the motion more rapid than in 
the first method, at the top of the hole, 80 strokes 
of 12 in. or 24 in. being given per minute. The 
power, transmitted from the engine to a 6} ft. 
band wheel, is very slightly in excess of that needed 
for the cable system. In pulling the tool from the 
pole, each section of drill pole has to be disconnected 
and set up in the derrick. For this purpose the 
driller “ races’ the engine by means of a “ light- 
ning’ valve worked by a foot paddle, and then 
pulls over the belt tightener causing the tools to 
be drawn up the 40 ft. at high speed, within 10 
seconds, with 15-second spells of no load between 
the pulls ; about 30 h.p. will suffice for this work. 
The third method, the rotary system, does not call 
for very exact speed regulation, and would appear 
to present the most suitable conditions for electric 
motor drive. During the rotation of the drill and 
in working the mud-pumps the load will remain 
steady for considerable periods, and the economies 
to be realised in fuel and labour are pronounced. As 
the mud-pumps take much steam, two steam boilers 
each of 40 h.p. are usually put down, consuming 
2 or 3 tons of oil fuel per day and requiring the 
attendance of two men. The electric rotary drill 
is a novelty, however. The first three shallow wells 
drilled on this system date only from 1914 and 
1915, and the maximum depth so far reached on this 
system is 1,500 ft. 

Passing to the production of petroleum, by pump- 
ing, in the first instance, Mr. Burford pointed out 
that it was the common practice to pump with the 
aid of independent power, leaving the drilling and 
machinery in place, or else to instal a 30 h.p. gas 
engine with reversing clutch and a light form of 
rig and derrick. The whole duty could be per- 
formed bf single speed or two-speed electric motors 
at much reduced costs, the low speed and power 
serving for pumping and the high speed for pulling 
rods and tubing and for cleaning out. ‘“ Group- 
pumping ” was resorted to for moderate and fairly 
permanent production, from 6 to 18 wells being 
connected by “ jerker lines” to a central pumping 
power, driven by a gas engine of 20 or 30 h.p., 
which might be replaced by a 15 brake horse-power 
motor (owing to the different ratings used by manu- 
facturers). In the permanent production by baling, 
the second method of production, very large balers, 
sometimes 12 in. diameter, 60 ft. long, were used 
at Baku, and they raised a great deal of sand 
and water together with the oil; baling at the 
high speed of 1,000 ft. per minute required up to 
150 h.p., and as the steam at 60 lb. per sq. in. 
had to be supplied through long pipe lines, the 
method was obviously very wasteful. Recently 
internal combustion engines had been installed for 
baling groups of fairly close wells, but electric 
motors would certainly prove more economical and 
adaptable still. The third method of produc- 
tion, by swabbing, is used chiefly in the Galician 
oil fields at Boryslaw-Tustanowice. The swabs 
are operated by direct-acting double-cylinder wind- 
ing engines, locally known as haspel, and listed 
in size from 50 h.p. up to 200 h.p.; the swabs 
are raised at speeds of 2,000 ft. per minute and the 
load being very intermittent, the overall efficiency 
of these engines is very low. Though Mr. Burford 





was not able to give any actual power figures, he 
could show that electric motors, probably of the 
same primary cost as the engines working with 
steam at 140 lb. per sq. in., would operate much 
more economically than the haspel. 

Electric motors can undoubtedly perform all the 
difficult operations which drilling, baling, &c., at 
badly fluctuating loads involve. With the aid of 
rheostats and other devices the necessary speed 
regulations can also be secured ; but that would be 
wasteful, and whether or not such apparatus can be 
entrusted to the driller on the derrick, is a question, 
about which some of the speakers at the meeting 
differed from Mr. Burford’s optimistic views. His 
detailed cost estimates, very much in favour of 
electric power plants, were also criticised. As 
regards system he advocated polyphase working, 
which is indeed most in use, as he showed by 
references to installations chiefly of the General 
Electric Company. With respect to motors, he 
would, with others, keep drilling and pumping apart 
and use in both cases two types of motors, a single- 
speed and a two-speed machine. His single-speed 
motor is equipped with a change-over switch 
mounted on the frame to connect the stator winding 
either in star or in delta, the star for pumping, the 
delta for pulling rods and tubing. The two-speed 
machine is, by a switch, connected for 600 r.p.m. 
or for 1,200 r.p.m. He would prefer this variable- 
speed motor for drilling ; but as the many operations 
in drilling follow one another rapidly, and the 
driller must not be bothered too much with throwing- 
over pole-changing switches, Mr. Burford would put 
up with the standard type of motor at some sacrifice 
in efficiency. Mr. R. J. Ward, who had recently 
returned from Baku, mentioned that polyphase 
motors answered very well up to 300 kw.-hours 
per day; for heavier work oil engines were certainly 
cheaper, and for baling the electric motor was not 
to be recommended, as it started baling at the full 
speed of 1,000 ft. per second, creating a big suction, 
and was apt to overrun at the top and when clutched 
to burn out ; that was a serious trouble, yet they 
certainly liked the electric motor, though not for all 
work. Mr. Templeton pointed out that the brisk 
development in electric power, to which Mr. Burford 
had referred in connection with Mr. Rappoport’s 
table, had taken place together with a general 
development in the oil industry, and in internal- 
combustion engines and in oil prices. The question 
at present is, as Mr. Cunningham Craig put it, 
one of education, to train either the driller to the 
use of electric apparatus, or the electric engineer 
to the study of the requirements of the oil engineer. 
The latter was also one of the main objects for which 
Mr. Burford had compiled his instructive paper. 





RIVETING RECORDS IN SHIPBUILDING. 
Sues and yet more ships is the insistent call of 
the hour since the acceleration of shipbuilding has 
become a war necessity of the first importance. 
In dealing with the various aspects of the question 
of ship production considerable attention has been 
directed to that section of shipyard labour known 
as the “ black squad.” For some years past there 
has been a serious shortage in the supply of labour 
of this description, and, under war conditions, this 
deficit is intensified. Again, although often the 
weather conditions are adverse, the work be age 
arduous, and overtime excessively called for, the 
time-keeping of these men in our shipyards has 
been the subject of much comment and question. 
These few remarks indicate broadly the necessity 
of taking advantage of all factors which can con- 
ceivably have a stimulating influence on overall 
production, especially where the stress of adverse 
circumstances is keenest, and to this end the 
Admiralty decided to publish figures of the tonnage 
of shipping sunk and completed in such a manner 
as to foster the spirit of competition and the sporting 
instinct of the Britisher. It is but a logical develop- 
ment that already this spirit should have led to 
competitive tests in one section of the work—- 
riveting—and especially is this satisfactory since 
there is perhaps a more serious shortage of man- 
power in this trade than in any other. Riveting 
lends itself to the carrying out of competitive tests, 
since in this case performances can be compared 
merely by the counting of the rivets driven per unit 
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of time, other factors to be enumerated 
a! ‘te m4 the na f and 
ing wit trend of progress 
stimulated by the serious shortage of labour, 
machinery to replace hand work is being increasingly 
adopted for riveting, and the conception and routine 
of shipbuilding amended to facilitate an increase in 
the application of such machinery. To this end, 
for instance, efforts are made to arrange the delivery 
of raw material and the progress of work, so that 
as much riveting as possible can be done on the 
ground before erection in place on the ship, when 
probably either machine riveting could not be 
carried out, or could only be undertaken under 
such difficulties as would seriously lessen the rate of 
working. Such procedure is fabrication within the 
yard itself, and is not “ fabrication ” in the general 
sense implying the building of sections in works 
apart from the shipyards. 


the less the number of rivets that can be driven in a 

m time, particularly in connection with press 
Pe when the fob tes to be tend fo bite the 
machine. 

6. Type of Rivet—The countersunk rivet with 
pan head takes longer if hand or percussion riveting 
is being carried out, whilst with press riveting it is 
almost immaterial whether countersunk or boiler 
points are in question. 

7. Location.—This factor is of prime importance, 
as riveting on a staging is normally much slower 
than on the ground, and in places where the staging 
cannot be suitably arranged the difficulty is 
intensified. 

8. Material.—Iron rivets can more expeditiously 
be dealt with than mild steel—the usual material— 
while high tensile steel rivets are more difficult to 
work than mild steel. 

9. Preparation of the Work and «Thickness of 


























Hand Diameter ualit Record of | Rivets 
my Place. Press or of . of ‘ Location. | Perform- = General, 
Date. r. Rivet. Work. ance. our. 
R. Farrant | London | Percussor| /, in. dia, Margarine |On ground | 4276 in 475 | Hammer held by hand, weight 
May 7 tank 9 hours 28 Ib. 
. Deviney Pneumatic} 7, in. dia. by} Ship frames |On ground | 4422in 491 | Squad consisted of riveter 
Paya ad eens seems a a to . . ans 9 hours and two holders up and two 
vr in. long heaters; riveter put the 
rivets in place himseif. 
“©. Knight | Baltimore|  — in by _ os 4875 in | 642 | Negro riveter. 
May 16 2.3 in. long 9 hours 
W. Moses Barrow | Percussor | 4 in. by #in.| Gun work, |Onground| 5894 in 655 
May 23 dia. 9,2” Howitzer 9 hours 
2 Brook! be in. ae “ 7864 in | 1,049 ship - repair work 
at 4 . 7% hours | * ay helpers. 
W. Smith | Clydebank} Percussor | j in. long by | Ship girders |On ground | 6783 in 754 | Boyer pneumatic hammer held 
4 ‘ a ond” ° 9 hours by hand ; two holders up, two 
vin dia. rivet boys and one riveter in 
oqeed ; weight of hammer, 





























The riveting machinery that is replacing hand 
work is operated almost universally by hydraulic or 
pneumatic power, and is of two types—the press, 
and the percussor. With the press type the work 
is either laid in position on skids or held in position 
by hand, and is fed between the jaws by hand. 
The riveter merely locates the work correctly in 
relation to the piston and actuates the lever operating 
the control valve. The percussor type, which is a 
hammer rapidly actuated by compressed air, is 
carried normally by the riveter, although in awkward 
places it can well be slung, as for instance, when 
riveting the bottom plates of a ship. The usual 
squad for such riveting consists of one riveter, 
one holder-up and one heater (boy), whilst for hand 
riveting, two riveters are required per squad to give 
sufficient blows whilst the rivet is hot. For certain 
jobs such as press riveting, extra hands are often 
required for feeding the work into the machine. 

The record figures which have been published 
represent both types of power riveting with various 
sizes of rivets, under unequal conditions, and gene- 
rally with an increase above the normal in the 
number of helpers feeding the riveter. In order to 
attempt a comparison of these records, the various 
factors influencing performance require to be kept 
in mind. 

1. Hand, Press or Percussor Work.—Hand work 
is the slowest and press work is, in general, the 
fastest. This factor is of maximum importance. 

2. The Diameter of the Rivet.—Assuming that the 
necessary temperature has been reached, then the 
larger the diameter the longer the time required 
to stave up, this factor being more important 
with hand and percussor riveting than with the 
press work. 

3. Length of Rivet.—This factor, per se, can have 
very little, if any, influence on the staving time. 
The longer the rivet the more difficult to place the 
heated rivet in position for hammering up—but 
once in place the actual time of hammering up does 
not vary with length of rivet. 

4. The Quality of Work.—Boiler and oil tank 
work, or where water or oil tightness is required, 
will naturally take longer than ordinary internal 
work, as the rivets require more to 
completely fill the holes or the countersinks in order 
to ensure the required of tightness. 

5. Spacing of the Rivets.—The wider the spacing, 


Plates—The thickness of the plates has little 
influence (see length of rivet), but if the screwing up 
before riveting is not well carried out the efficiency 
of the finished product will suffer more than the speed 
of accomplishment. If the holes are not fair, time 
will be lost in setting the rivet and in remedying 
faulty work. 

10. General_—Awkward corners and general con- 
ditions all have an influence. With outside work, 
the weather, if bad, will hinder output. 

The number of helpers and rivet boys in the squad 
may vary, and, in making comparisons, all the fore- 
going factors play a more or less important part, 
as will be seen from the annexed table. It will 
be seen that the amount of work involved per 
rivet varies considerably. It is impossible, accu- 
rately, to work out factors which would allow 
for all the conditions in question; nor generally 
does this detract in any way from the splendid work 
involved in carrying out these feats and the 
advantages of the spirit of emulation underlying 
these performances. 

It is to be regretted that the Boilermakers’ 
Society are prohibiting any more record-breaking 
attempts in the fear probably that the data so 
obtained will be used to cut the riveting piece rates 
with the inevitable consequences. When it becomes 
known in a yard that an attempt is being made to 
break a record the adverse effect on the work of all 
departments in the yard is considerable. To quote 
from a daily — as an example: “ He finished 
his task amid enthusiastic cheers from thousands 
of his fellow-workers.” This latter, however, is 
quite a hopeful point, as enthusiasm in work cannot 
become too general. 

The utility of these records is that they go to 
show what can be done when the spirit of com- 
petition is introduced, and we look to qur shipyard 
managers to introduced systems of remuneration 
that will foster this sporting proclivity and extend 
them to wider spheres of work, the advantages of 
which these records are the proof. 





INTERNAL BALLISTICS. 
Papers on ballistics hardly lend themselves to 
abstracting, and publication of researches on 
technical ballistics are not desired at t. 





Lieutenant-Colonel A. G. Hadcock, R.A., F.R.S., 
discoursing on “ Internal Ballistics” at the Royal 





Institution last Friday, gave, however, so clear an 
account of the fundamental problems, from the 
engineer’s point of view, and of recent advance 
made in their elucidation, that a brief notice of his 
lecture will be welcome. 

The science of ballistics, Colonel Hadcock stated, 
divided itself into two branches ; the one branch, 
external ballistics, dealt with the motion of the 
projectile after it had left the gun, while the other, 
internal ballistics, investigated the motion of the 
projectile while in the gun. The gun, it had long 
been recognised, was a single-stroke engine, and a 
very inefficient one at that. The first indicator 
diagram of a gun was, the lecturer said, to be 
found in the “‘ New Principle of Gunnery ” which 
Benjamin Robins—who belonged to a Quaker 
family—published in 1742. Robins assumed that 
the temperature of the inflamed powder was that of 
red-hot iron, that the pressure rose to 6-6 tons per 
square inch (1,000 atmospheres) just before the shot 
moved, that all the powder was burnt and that the 
pressure curve was an ordinary hyperbola, corres- 
ponding to isothermal expansion—all incorrect 
assumptions which were yet considered sufficiently 
exact during a century. This indicator diagram 
preceded that of James Watt (1784) by forty-two 
years, and looking at Robins’ diagram one might 
almost believe that Watt owed to this diagram his idea 
of obtaining efficiency by allowing steam to expand. 
But the gun, the lecturer continued, was essentially 
an interna]-combustion engine (not a steam engine), 
the propellant or charge of which contained all the 
oxygen necessary for its combustion, and the only in- 
dicator generally available, the crusher gauge, merely 
gave the maximum pressure. The charge began to 
burn at atmospheric pressure; the rising pressure 
first forced the copper driving band of the shell into 
the rifling grooves, then forced the shell along the gun 
and, the charge having completely been burnt, the 
expanding gas finally drove the shell out of the gun. 
The “engraving ” of the driving bands was one of 
the most important of these processes ; the greater 
the resistance to the engraving, the larger would be 
the proportion of the charge burnt before the band 
was fully engraved. In calculating the energy of 
the charge, it was customary to replace the actual 
volume occupied by the gas by the unit of gravi- 
metric volume, a term introduced by Andrew Noble 
and Abel in 1875. Their law, which was based on 
experiments with black powder, was still generally 
accepted by artillerists here and abroad; the law 
was p= R.A4/(1 — a4), where p was the pressure 
in tons per square inch, R. an experimental constant 
and A the gravimetric density, i.e., the density 
(referred to water) of the charge supposed to be 
spread uniformly throughout the volume of the 
vessel. As 1 lb. of water at 62 deg. F. occupied 
27-72 cub. in., A = 27-72 W/C, if W indicated 
the weight of the charge in pounds and C the capacity 
of the vessel in cubic inches. Introducing the unit 
of gravimetric volume v = 1/a = C/27-72 W, 
the formula assumed the simpler form p = R/(v — a). 
The a was, in the case of the black powder, to 
represent the residual solid portion of the charge 
always remaining in the vessel after explosion 
(estimated at 57 per cent. of the powder volume). 
Colloidal smokeless powders (cordite, &c.) left no 
solid residue, but the « term was found to persist ; 
it was called the co-volume, and might be described 
as the space occupied by the unit volume of gas at 
infinite pressure, corresponding to the volume 
occupied by the gas molecules themselves in the 
equations of state of Clausius and of Van der Waals. 

In the gun chamber the unit volume varied as 
the charge was being burnt. If.v' represented the v 
due to the burning of the fraction z of the charge, 
then v! — a = (v — a)/z, where v was the gravi- 
metric volume after the whole charge had been 
converted into gas. There was also compression 
of the powder gas. Sir Andrew Noble had first 
studied the phenomena in closed cylindrical vessels, 
in which the pressure sometimes rose to 20 tons per 
square inch, and which suffered a longitudinal 
expansion of 0-5 in. Combining the crusher gauge 
within the vessel with a revolving drum outside, on 
which a tuning fork was drawing a time curve, Noble 
had determined the time curve of the rise of pressure 
from which he could deduce the fraction of the 
charge already burnt. This burning (Vieille and 
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cylinder and a tubular charge remained a tube, 
burning both outside and inside. The amount of 
powder burnt per unit time (0-001 second) was 
proportional to the instantaneous pressure, though 
artillerists differed somewhat as to the exact ratio. 
We had further to consider that the shell was mov- 
ing along the gun, and artillerists had so far treated 
the problem either as if the gun were a closed vessel 
for each position of the shell (Centerval and Mansel), 
or as if the pressure for each position of the projectile 
bore some definite relation to the pressure which 
would have been developed, had the charge been 
burnt in a closed vessel of the capacity of the gas 
chamber (Gossot, Heffernan, Charbonnier). Neither 
of these assumptions was correct, because the 
motion given to the projectile was not linear, and 
much energy was absorbed by the shell. 

It had further to be borne in mind, the lecturer 
continued, that the space behind the projectile was 
continually increasing, and that the gases hence 
lost heat, but also gained heat by the continued com- 
bustion. He had found a key to the solution of the 
pressure problems in Clark Maxwell’s diagram of 
isothermals, a series of curves plotting the p v for 
different temperatures ¢,, t,, &c. If these curves 
were supposed to relate to the definite fractions 
0-1, 0-2, &c., of the charge already burnt, the 
resulting “isopyric” lines enabled them to find 
the v, i.e., the momentary position of the shell in the 
gun, from the observed pressure. If the combustion 
were to stop with the burning of the fraction z, the 
curve would be adiabatic, but as the combustion 
continued, the curve would be intermediate between 
adiabatic and isothermal expansion, and the 


function was p & ts o\\= k. For adiabatic ex- 
Zz 





pansion « was 1-41, for isothermal «=1; for 
internal combustion engines the value of ¢ was 
about 1-23, and the mean value of e for guns 
seemed to be 1-1. The constant k depended upon 
the resistance offered by the driving band to its 
engraving and to its subsequent motion. The 
lecturer here interposed the remark that this 
resistance was needed ; for if there was no resist- 
ance, only a small charge could be burnt and the 
muzzle velocity of the shot would be restricted. 
The driving band resistance varied inversely as the 
calibre of the gun, and depended upon the width and 
form of the band. 

The actual static pressure required to force the 
band into the rifling reached its maximum, as 
shown by diagrams, when about two-thirds of the 
width of the band had been forced into the rifling. 
While this engraving went on, the gas pressure, 
always much higher than the necessary hydraulic 
pressure, rose steadily, and the shot might acquire a 
considerable velocity during this short period. For 
the moment of full engraving the formula was 


= *) =k, and other final formule were de- 


deduced for the short period during which the fully 
engraved projectile was moving and for the con- 
ditions after the complete combustion of the charge, 
Thus, the lecturer concluded, with the aid of these 
formule and the isopyric curves, expressions could 
be deduced for the velocity of the shot at any 
position in the gun and also for the muzzle velocity, 
as well as for the maximum pressure. When the 
pressure reached its maximum, nearly 0-7 of the 
charge had been burnt, and the velocity of the 
projectile was about 1,100 ft. per second in a 6-in) 
gun. ing the combustion of the remaining 
0-3 of the charge, the pressure fell to half its maxi- 
mum value, but the velocity increased to 2,600 ft. 
per second, and the energy to seven times the pre- 
vious value, owing to the expansion of the gases. At 
the muzzle the pressure was reduced to 4-5 tons per 
square inch, and the muzzle velocity was 2,910 ft. , 





Coat Conszrvation Svup-ComMitreEE.—We have 
received from the Engineers’ Club, Albert-square, Man. 
chester, a pamphlet entitled “Electric Power Supply. 
of Great Britain,” and contai a report of a debate 
which was held at the club on March 5 last, on the 
interim report of the Coal Conservation Sub-Committee. 
Copies may be had on application to the Hon. Secretary, 
the Engineers’ Club; price 4d. each, including postage. 





As soon as electric propulsion of vehicles was 
introduced, the fact was recognised that an electric 
motor, when not actuated by the supply current 
and not turning the car axle, but when itself turned 
by the axle on going down hill, is converted into 
a generator which sends current back into the 
system and exerts a braking instead of a propelling 
effect. When electrical engineers had convinced 
themselves of the reality of the effect, which had 
been foreseen, of course, the possibility of recovering 
or regenerating electric energy on mountain railways 
became one of the arguments in favour of electric 
power versus steam power on such lines. It was soon 
found, however, that the apparatus necessary for 
the recovery and safe operation complicated the 
machinery on the locomotive and in the power 
house. The experience gained on the first line on 
which recovery was attempted—the Giovi rail- 
way leading from the Apennines down to Genoa— 
was hardly encouraging, and when less than ten 

ago it was decided to adopt electric propulsion 
on the Gotthard Railway, experts were against 
electricity regeneration. The decision might have 
been different, if the regeneration had not, at that 
time, appeared restricted to three-phase working 
which was considered unsuitable as it necessitated a 
double line of conductors. Meanwhile, noteworthy 
progress has been made in this domain, chiefly in the 
United States ; different current systems of traction 
have been adapted to regeneration, and the modifica- 
tion of the electric service on the Gotthard line, we 
see from an article by Professor W. Kummer, in the 
Schweizerische Bauzeitung of May 1, comprises 
experiments on this point. Considering mainly 
traffic conditions, Kummer concludes that, with a 
fairly frequent train service, the recovery should 
prove economical, especially where coal is expensive, 
and even in cas2s where the primary power is 
hydro-electric. The electric problems at issue were 
very ably discussed last year before the American 
Institute of Electrical Engineers by Mr. R. E. 
Hellmund, of the Westinghouse Electric Company. 
Hellmund distinguishes resistance braking, when the 
current generated by the motor is absorbed by 
resistance on the vehicle, regenerative braking, when 
the current is returned to the supply system, and 
combinations of the two methods, and he explains 
how the problems can be solved and have been solved 
in various ways for different systems. With three- 
phase working hardly any additional apparatus are 
required, except that rotating converting devices 
(such as frequency changers) might be overspeeded 
on down gradients when supply is interrupted ; 
over-speed relays, used for similar reasons with 
synchronous converters, help over that difficulty. 
The phase-converter system (single-phase line and 
induction motors) offers very similar, simple 
problems ; this system is in use on the Norfolk and 
Western Railroad, and was in fact adopted there, 
because it promised current regeneration. The 
direct-current series motor cannot as such be used 
as @ generator; but with the aid of separate 
excitation, constant or variable, successful solutions 
have been worked out on the Lake Erie and Northern 
Railroad (working pressure 1,500 volts—2,000 volts 
maximum during regeneration), and on the Chicago, 
Milwaukee and St. Paul Railroad, the biggest 
electric railway of the year 1915, at any rate, 
440 miles long. The two motors of a locomotive are 
on that line coupled in series for 3,000 volts. The 
alternating-current commutator motor system avoids 
the flashing difficulty of direct-current motors, but 
introduces other difficulties, which can be solved 
in various ways, however, more satisfactorily than 
was done on the Midi Railway in France. Hell- 
mund’s conclusion was that regenerative braking 
would soon assume great commercial importance for 
heavy railway work and would win over some 
railways, now operated by steam, to electric 
propulsion. , 


FLoTaTion oF OBES. 


Within the last fifteen years the concentration of 
certain low-grade ores which used to be effected 
by gravity with the aid of tables, jigs, vanners, &., 
has more and more been carried out by flotation 


the agitated pulp and float on the surface as a film 
or as a froth, while the gangue and other minerals 
settle at the bottom. In spite of great progress, 
however, flotation remains practically restricted to 
sulphidic ores, though free gold and gold telluride 

native silver and copper can also be floated. 
Oxidic ores are not yet floated as such on a com- 
mercial scale ; they are, however, sulphidised, #.c., 
treated with hydrogen sulphide or sodium sulphide 
to make them amenable to flotation. Yet even the 
treatment of sulphidic ores, and particularly of the 
slimes of these ores—the slime question is frequently 
all-essential—offers such complex problems that a 
body like the United States Bureau of Mines is 
continuously being asked to advise. In response 
to these inquiries, Mr. Oliver C. Ralston has, on 
behalf of the Bureau, drawn up “ Answers to 
Questions on the Flotation of Ores” (Technica! 
Paper 149). The fundamental theoretical questions 
still remain unanswered, but the paper contains 
many useful hints. There is very little film or skin 
flotation so far. It is almost all froth flotation, a 
froth being created by introducing air into the 
watery pulp to which a little oil is added. In 
mechanical flotation the air is beaten into the pulp, 
and the froth is less evanescent than in pneumatical 
flotation, in which the compressed air is forced into 
the pulp or some gas liberated init. The mechanical 
method yields a better extraction of the coarser 
particles, the pneumatic method answers better for 
slimes and for total extraction and requires less 
power; either method may have advantages, or 
the one treatment should follow the other. The 
more dilute the pulp, the cleaner the concentrate ; 
but the extraction falls off with dilution. A truly 
colloidal slime (“ primary slime ’’) is very difficult to 
deal with ; at the Inspiration Consolidated Copper 
Mines iron filings or granular matter (sand) are added 
to the slimes to give a better froth. Oil is always 
used in America, though there are many flotation 
proposals for dispensing with oil; some oils (pine 
oil) are valued as frothers, others (coal-tar oil, 
petroleum products) as collectors. When raw oil is 
poured on the froth, it produces a hole in the froth 
and clears the surface, somewhat as in calming the 
waves of a rough sea; the oil must be stirred to 
make the froth reappear. Over-oiling is injurious 
to flotation. In recent litigation the United States 
Supreme Court sustained the basic patent of the 
Minerals Separation Company, which claims that, 
when less than .1 per cent. of oil, calculated on the 
weight of ore, is added to the pulp, a new effect is 
obtained, different from the use of more than 1 per 
cent. of oil. As a consequence, many works now use 
more than 1 per cent. of oil to avoid the payment of 
royalties ; Ralston mentions that some works have 
observed no change when working with 3.3 per cent. 
(instead of less than 1 per cent.) of oil, and in the 
Court demonstration 25 per cent. of oil were used 
by the defendants, apparently without materially 
affecting the result. Acids are sometimes, salts of 
heavy metals mostly, deleterious to flotation. 
Complex sulphides of zinc, lead and iron, which are 
difficult to separate by flotation, may be roasted 
for an hour or two at low temperature, when only 
the iron pyrite is sufficiently oxidised to be picked 
out by magnetic separator. The water question.is 
often important; waters from jungles, rich in 
tannin, and water containing much organic matter 
are unsuitable, and heavy rains washing clay into 
the water have spoiled flotation plants. Where 
water is scarce, the accumulation of acids and salts 
may necessitate a purification of the used water 





with lime and by other methods. 
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LITERATURE. 
—_—_—— 
Aeronautics in Theory and Experiment. 

Cowtgy, A.R.C.8c., D.1.C., and 

B.Sec., F.R.S.E. London : 

(Price 16s. net. } 

THE investigation of the aerodynamic basis of 
flight from both the theoretical and the experimental 
side has made such progress, that in the opinion of 
the authors the time has come, when the science of 
aeronautics should find a place in the curricula 
adopted by universities and engineering colleges. 
Though owing to the rapid accretion of facts the 
subject is not yet systematised, they submit a text 
book covering an appropriate course, and one that 
exhibits the solution of many problems that have 
been successfully attacked, while indicating others 
that await more thorough investigation. At the 
same time, recognising that the public are intelli- 
gently interested in the development of a new scheme 
of locomotion, and desire to be acquainted with the 
processes by which difficulties have been overcome 
and advance made possible, they have endeavoured 
to satisfy this curiosity by setting out the more 
salient steps in a form that can be followed 
and apprehended by those whose knowledge of 
mathematics is limited. It is to be feared that some 
slight disappointment may await this class. War 
conditions have prevented the authors revealing the 
whole of the results derived from experiment. 
The richest harvest has been garnered during the 
fierce heat of the war, and historically the work 
“illustrates the stage to which the science had 
developed just prior to the outbreak of hostilities.” 
Evidently it would be injudicious to give descrip- 
tions of the latest designs with details of construction : 
not only do the diagrams not refer to machines of 
quite the most recent type, but some data may 
require to be modified when the present restrictions, 
imposing secrecy, have been removed. This pru- 
dence will commend itself to all, but it should be 
clearly understood that the authors are working 
under some restraint, and that in spite of such 
hindrances they have accomplished their aim of 
exhibiting a sound consecutive theory, limited 
primarily to the problems concerned in the inter- 
action between the atmosphere and a heavier-than- 
air machine. 

Whether the authors have been equally successful 
in making the conclusions intelligible to the non- 
mathematical reader may be doubted, though they 
have taken some pains in this direction. Those 
who are accustomed to follow a chain of reasoning 
by means of formule, hardly appreciate the difficul- 
ties that others find in interpreting this shorthand. 
Many will probably be able to follow the successive 
steps of a proof and test the algebraical accuracy 
of its deduction, but without grasping the reasoning 
or connection with the main argument, and this 
practice is attended with little edification ; many 
more will be grateful to the authors for translating 
symbols into words. 

The plan of the book is easy to follow. Limiting 
investigation to the aerodynamic basis of flight, 
that is excluding the internal-combustion engine 
and its connections, in order that the ends sought 
by aeroplane construction may be achieved, three 
distinct difficulties have to be surmounted. The 
machine must be supported, propelled, and possess 
reasonable stability during continued flight. To 
accomplish these three objects, it is necessary to 
investigate the behaviour of the fluid through which 
the machine travels; the form to be given to the 
several parts of the aeroplane in order to secure 
definite results with the smallest possible expendi- 
ture of energy, and the provision of means that will 
ensure steady motion during sustained flight in a 
disturbed medium. Each of these conditions is 
considered in turn and in tie order named. The 
amount of information supplied varies according 
to the character of the investigations; in some 
directions it is limited only by the failure of mathe- 
matical analysis to cope with the difficulties pre- 
sented ; in others as much as permits, but 
sufficient is supplied to enable the evolution of 
the aeroplane to be followed and to give a clear 
insi into the principles that have guided 
mechanical construction, and su; the modifi¢a- 
tions that facilitate the fulfilment of particular 
purposes. 


Ww. L. 
H. Levy, M.A., 
Edward Arnold. 1918, 





Of the actual atmosphere we know very little, 
and have applied dynamical and physical reasoning 
to hypotheses that find their chief support in 
continual repetition, but fail before the searching 
analysis of rigorous experiment and inquiry. If 
one correctly understand the allusions the authors 
have made to cyclones and anticyclones (page 33) 
to imply a revolving fluid mass about a vertical 
axis, we doubt the accuracy or relevancy of the 
explanation, and have an apt illustration of reliance 
on doubtful authority. But the motions of the 
atmosphere have to be considered from a physical 
rather than a meteorological point of view, and in 
this aspect limitations that are both necessary and 
warranted convert the actual atmosphere into a 
homogeneous fluid of a given density and viscosity. 
Compression—another property of the atmosphere 
—can fortunately be disregarded, for it is found 
that at the comparatively low speed of aeroplanes, 
compression effects are not manifested in the 
neighbourhood of the machine. Till aeroplanes 
fly with a velocity approaching that of sound, 
pressures brought into existence by flight motion 
are not sufficiently great to effect compression. 

Whatever simplifications are introduced by the 
substitution of a perfect fluid for a viscous, and 
by the further limitation of the problem to one of 
two dimensions, the mathematical development 
presents much difficulty, involving as it does the 
theory of discontinuous motion. The treatment 
follows that indicated by Schwarz-Christoffel, 
and that which Mr. Levy has himself applied else- 
where. The result is to exhibit the degree of 
assistance analytical methods are likely to con- 
tribute in determining the conditions that prevail 
in aeronautical practice. Experimental control 
would be of immense service, but in dealing with 
an invisible gas any confirmation of results by 
practical experiment offers peculiar difficulties. The 
employment of water as a homogeneous, dense and 
viscous fluid, readily suggests itself as a suitable 
medium, and the substitution of hydrodynamic 
investigations has proved both useful and illu- 
minating. The interpretation or the application of 
the results requires care. The authors have treated 
this problem as the somewhat* analogous one of 
passing from a model to full-scale machines, as one 
of dynamic similarity. They are to be congratu- 
lated both on the success of their experiments and 
on being able to furnish so convincing a proof of the 
adequacy and applicability of their methods. 
Photographs of the flow and disturbance in air and 
in water under similar conditions of interruption 
of current by an obstacle show a striking resemblance. 
Many more of the minor details are seen than could 
have been anticipated. 

The wind channel, designed to test the behaviour 
of models or parts of models when placed in an 
artificial air current, whose velocity can be regu- 
lated at will, has been so frequently described that 
it is not necessary to refer to its general construction 
or purpose. The description of the Chattock gauge 
in connection with a Pitot tube, furnishing results 
of surprising delicacy, emphasises the degree of 
accuracy to which it is necessary to carry experiment 
in order that the results derived from small models 
shall supply with sufficient exactness the data 
required for the construction of full-scale machines. 
Of more interest is the generic equation, due. in its 
original form to Lord Rayleigh, which enables 
one to pass with confidence from small to full-scale 
work. It is shown that the resistance, 


R= pers (“), 


where p, v and » are, respectively, the density, 
velocity and viscosity of the air current, / is a linear 
quantity defining the size of the body, and fe 

the form of an undetermined function. It follows 
from this equation that when the experiment is so 
arranged that the value vi derived from the model 
is the same as for the full scale, that the resistances 
in the twocases areequal. This deduction depending 
on dynamic similarity is simple enough in theory, 
but difficult to realise in experiment. Usually the 
models of parts of aeroplanes are made one twenty- 
fifth of the full scale, and consequeritly to preserve 
the relation, the velocity would have to be multiplied 





by 25, giving rise to a speed that may easily amount 
to 2,000 miles per hour, and consequently one that 


could not be produced or measured accurately. 
What is normally done is to through the 
experiments up to such values of vl/y, “as show 
the value R/p v*l? to become sensibly constant, and 
then to extrapolate by extending this curve to 
higher values of v1.” 

In subsequent chapters detailing the theory of 
aerofoils and the selection of most appropriate 
forms for other essential parts, the operation of the 
method can be followed, and sufficient is said to 
enable us to trace the effect of some particular 
design in modifying the aerodynamical function 
of the whole. If it be required to produce a machine 
that shall possess some particular qualification as 
increased swiftness, or greater ability to climb, or 
enlarged weight-carrying capacity, experiment will 
decide the most suitable form to be given to the 
several structural parts. Many variables con- 
tribute to the final result. These will be readily 
appreciated without enumerating them, but the 
effect that each contributes to the final result is 
considered here. Mechanical experience is no 
doubt the great factor in deciding the model forms 
likely to produce a desired result, but theory and 
experiment alike show the danger of trusting 
implicitly to intuition. Some characteristics may 
be little changed with variation of v 1 and experience 
is a sufficient guide. But experiments in water 
have shown that not only for every body does there 
exist a critical value at which the nature of the 
motion undergoes a rapid alteration, but that a 
change of attitude to the stream is practically 
equivalent to a continual change of shape, so that 
finally an approach to a critical velocity becomes 
possible. Similarly, in testing with models, the v1 
may be so related to the shape that a point of 
transition is reached, and a comparatively uniform 
eddying motion is suddenly replaced by one of 
violent turbulence. Such forms in which possible 
variations in velocity produce abrupt changes 
should clearly be avoided. 

The parts hitherto considered generally concern 
the weight or drag of the aeroplane, whether 
necessary to ensure strength and stability to the 
design or to give the pilot the means of control and 
direction. Evidently of equal importance is the 
study of the forms of propeller, arranged to produce 
the horizontal motion that balances the drag. 
The engine that moves the propeller has no aero- 
dynamical significance, but the nature of the thrust 
by which the forward momentum is communicated 
to the machine, the interaction of air and propeller, 
and the function which each part of the blade fulfils, 
are all of vital importance in deciding the design of 
an efficient air screw. As a mathematical exercise 
the discussion of the operating forces possesses great 
interest and apparently very considerable progress 
is made. The practical outcome is, therefore, the 
more disappointing, and almost with dismay one 
reads, ‘On account of the large number of factors, 
ultimately every new propeller is simply an intelli- 
gent modification of a previous one of known 
performance.” Probably this statement is not to 
be accepted too literally. The scope of experiment 
is by no means exhausted, and we are reminded 
that the study of aeronautics is not sufficiently 
old to have given time yet for an extended research. 
This remark is applied to the Report of the Advisory 
Committee for Aeronautics, 1911-12, and_ one 
cannot doubt but that in the six years that have 
elapsed, many tests have been made and much 
learnt that it is not expedient to utter. In spite 
of this depressing outlook, we cherish the hope that 
it is possible with some approach to definiteness, 
to select a form that is best adapted for particular 
requirements. 

The third section of the book, as intimated, 
attacks the theory of stability from the theoretical 
and experimental standpoint. In the general 
problem, the aeroplane is supposed to undergo a 
displacement of small amount and the question 
for investigation is, whether the resulting motion 
will tend to approach, or to diverge from that 
previously existing. The mathematics are not 
simple and the look of the determinants is 
sufficiently forbidding. But the authors believe 
that they have smoothed the path of the student by 


explaining the method pursued. The device of 





moving axes has been employed and it is claimed 
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that the equations have been derived as simply 
as possible. Only those who have tried other 
tactics are in a position to question this statement, 
and it is certainly easier to follow the authors’ 
footsteps than to make a path for oneself. 

We have endeavoured to convey the impression 
that we regard this work as one of great importance. 
It exhibits the present position of aerodynamic 
analysis and illustrates the competence and limita- 
tions of experiment in promoting improvement. 
The authors will not allow themselves to go beyond 
the point of confirming or emphasising the results 
published by the Advisory Committee for Aero- 
nautics, but the work suggests a reserve of strength 
and implies an accumulation of facts and details 
that will facilitate construction in the future, and 
make the science of aviation advance with rapid 
and assured steps. Incidentally it is seen that the 
National Physical Laboratory has proved itself of 
enormous advantage to the Empire, not only by 
assisting in the direction here indicated, but by 
consistently upholding the importance of adhering 
to scientific principles, by maintaining a high 
standard of accuracy, and by devising tests that will 
safeguard the position attained. 
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Dent and Son, Limited. [Price ls. net.] 

How an Aeroplane is Built, By STEPHEN BLAKENEY. 
London : Aeroplane and General Publishing Company, 
Limited. 

Welfare and Housing. A Practical Record of War-time 
Management. By J. E. Hurron. London: Long- 
mans, Green and Co. [Price 5s. net.] 

Proceedings of the Royal Institution of Great Britain. 
Vol. XXI, Part III. London: Published by the 
Institution. 

Mechanical World Year Book, 1918. Manchester and 
London: Emmett and Co., Limited. [Price ls. net.] 

Transactions of the Institution of Civil Engineers of 
Ireland. Vol. XLII. Dublin: Printed for the 
Institution by John Falconer, 53, Upper Sackville- 
street. 

The Railway Year Book for 1918. London: The 
Railway Publishing Company, Limited. [Price 5s, 
net. } 

Relief from Floods. The Fundamentals of Flood Pre- 
vention, Flood Protection and the Means for Determining 


Pro Remedies. By Jonn A. Atvorp and CHARLES 
B. Burpicx. London: Hill Publishing Company, 
Limited. [Price 8s. 4d.] 


Metallurgical Calculations. By JoserH W. RicHarps, 
A.C., Ph.D. London: Hill Publishing Company, 
Linnited. [Price 5 dols. net.] 

A Treatise on the Principles and Practice of Harbour 
Engineering. By Brysson CunnincHam, D.Sc., 
M.Inst.C.E. Second edition, thoroughly revised 
throughout and greatly enlarged. London: Charles 
Griffin and Company, Limited. [Price 25s. net.] 

The Taylor System in Franklin Management, Applica- 
tion and Results. By Major Grorce D. Bascoox, 
in collaboration with Reervatp TravutscHoLp, M.E., 
with a foreword by Cart G. Barta, New York: 
The Engineering Magazine Company. [Price 3 dols.] 

Handbook of H; ulics for the Bolution of Hydraulic 
Problems. By Horace Wiitiams Kiyo. London: 
Hill Publishing Company, Limited. [Price 12s. 6d.] 

Welfare and Housing. A Practical Record of War-Time 
Management. By J. E. Hutton. London: Long- 
mans, Green and Co., 39, Paternoster Row. [Price 
5s. net.] 

Scientific Industrial Effici . By Dwieut T. Farnuam. 
Chicago: The Brick and Clay Record. 

The J. E. Aldred Lectures on Engineering Practice, 
1916-17. Baltimore: The John Hopkins Press. 
[Price 1 dol.] 

at a Glance. By the late THomas Taytor, 

Liverpool. Fourth edition. Liverpool: Sim and 

Coventry; London: E. and F. N. Spon, Limited. 

[Price 6s. net.] 





““MgcuanicaL Wort~p” Yerar Boox, 1918.—This 
year book for 1918, the thirty-first of publication, 
is issued by the Mechanical World, Manchester. and 
London, 20, Bedford-street, W.C. 2, at.the price of ls. 
net. It contains a large amount of information on steam 
and the steam engine, the steam turbine, steam boilers, 
engine parts, bearings, methods of drive, conveyors, 
pn m2 &e., 2 pas a . screw threads, tables of 
equivalents, and so fort’ t is the companion of the 
“* Mechanical rok” 


orld Electrical Pocket Book.” It has 
& very complete. index.., ; . 


NEW CONTINENTAL IRON AND STEEL 
WORKS. 

A NuMBER of neutral countries are contemplating 
or commencing the construction of large new iron 
works, owing to their unpleasant experiences of short- 
age of iron and steel during the great war, and it almost 
seems as if they feared a repetition of this catastrophe 
within a reasonable period, In any case these new 
centres of production are bound materially to alter the 
former export of the international iron trade. 

In Sweden a number of important works, at the head 
of which the Seddeholm company is understood to 
stand, have decided upon the erection of large iron 
works in Lapland, a project which has been under 
discussion for some time. It has been a question of 
Porjus or Lulea, but recent investigations on the one 
— to the latter place as the more favourable, 

is large undertaking, however, will hardly be taken 
in hand till the war is over. 

In Norway several large schemes in the steel and 
iron industry are being p thers with much interest, 
and are likely to be realised in due course. A large 
capital has been readily subscribed for the Christiania 
steel works, with a plate rolling mill of large capacity; 
this concern has purchased five large great factories. 
On the initiative of General Director Beakstad large 
iron works are projected at Risér, the production being 
intended to comprise pig iron, plates and shapes. 
This scheme is stated to offer several distinct advan- 
tages, such as means of communication, the 
vicinity of suitable iron ore from the Arendal, the 
Krageré, and the Fehn deposits; the transport of 
the manufactured products will not present any 
difficulties and finally, 22,000 h.p. have already been 
secured for the undertaking from the Hogefoss power 
station with the option of material future increase. 
The Risér iron works will be laid out for a substantial 
production so as to reduce the cost of manufacture as 
much as possible in order to be able to compete against 
foreign works. Thus the rolling mills are intended for 
an output of about 100,000 tons per annum, but b: 
an extension of the iron works this figure, it is stated, 
could be doubled. The start, however, will be on a more 
modest scale so as to make it possible to commence 
operations as soon as ible. The third important 

orwegian scheme for large iron works will be located 
in Northern Norway, and to a great extent based upon 
the use of Lapland iron ore. This project has met 
with the support of the Chief Board of the Norwegian 
National Union of Manufacturing Engineers. In the 
first instance Straumpollen had been selected as a 
favourable locality, but this place seems to have been 
abandoned and Narvik chosen instead, the difficulty 
of obtaining a suitable site at the latter spot having, 


apparently, been overcome by the assistance of the 
railway, which owns most of the land in question. 
The locality chosen is Fagernes, some three kilometres 


outside the town of Narvik proper, but within the 
municipal area. One great advantage of Narvik, as 
compared with Straumpollen, is to found in the 
fact that a railway line leads straight from the iron 
ore quay to the transit quay at Fagernes, and an extra 
kilometre of railway will make it ible to forward 
the ore straight to the works without transhipment. 
A storage quay of one kilometre length will be con- 
structed along the whole of the site of the new works, 
and the depth of water in such that very little dredging 
will be necessary. Another important point is that 
of the requisite power; the Narvik municipality will, 
it is thought, be able to supply the power needed at the 
start, some 8,000 h.p., but, with a view to future 
expansion, a reserve of some 120,000 h.p. must be 
available. There is, however, a sufficiency of un- 
exploited water power in the vicinity of Narvik, the 
Sjomen and the Bardofoss falls having been selected 
in this connection, each of some 80,000 h.p. capacity. 
With regard to these falls an arrangement must be 
arrived at with the State. At first the Narvik iron 
works will, no doubt, principally rely upon the Kirun- 
avaara ore, which is phosphoric, but Norwegian ore 
will be resorted to later, there being ample iron ore de- 
posits in the neighbourhood. 

Ore deposits have recently been found in Narvik 
itself, and the Kirkenes ore would also be available. 
Foreign coal mines and iron works have offered co- 
operation, and with cheap return freight by the ore 
steamers coal should not be expensive, while me pret 
bergen and Bear Island may also be conside in 
this connection. 

In Denmark the erection of steel works on the 
Frederiksholm land outside Copenhagen is under :con- 
templation by the wre poppe ee aeideigin ane 
The project is based on a 00-operative ciple, the 
census interested undertaking to draw their require- 
ments of steel from the new works. On account of 
the difficulties offered -by the site, the cost will be 
somewhat heavy, and an aggregate of £800,000 has 
been mentioned. ; as 
- The erection of the first iron and steel works and 





rolling mill ii:-Holland has attracted considerable 


attention abroad, more es y in Germany, from 
which country Holland has hitherto received the t 
portion of her requirements for shipbuil and other 
industries, The h scheme comprises the erection 
of modern iron works, which will rely mainly upon 
iron ore from overseas deposits onl consequently 
must be located at tide water. For ship and 
structural work there was a demand for steel in 1913— 
15 amounting to 150,000 tons to 160,000 tons. As 
regards the su of ore it is pointed out, that the 
Rhenish- West alien iron industry also to no small 
extent has to rely upon foreign iron ore for its require- 
ments, and in this res the Dutch establishment 
will be more favourably situated than the German 
works which have to pay an additional freight. Before 
the war about 8,000,000 tons of foreign iron ore passed 
Rotterdam annually on the way to the German iron 
works. As re coal, this is worked in the Dutch 
coal mines in the province of Limburg and in sufficient 
quantities also to supply the new works, which is cal- 
culated to require some 300,000 tons of coal per annum. 
The production of the Emuea mine is estimated at 
some 500,000 tons annually, and the working of the 
Hendrick mine is about to commence, and the Mauritz 
mine is also being proceeded with ; all three mines turn 
out coal suitable for coking. The production of the 
rolling mill is put at 500,000 tons annually, 100,000 
tons to 120,000 tons for the shipbuilding industry, and 
200,000 tons to 300,000 tons for other —— besides 
pis iron. The capital of the new undertaking has 
n fixed at 25,000,000 gulden, divided in 24,500 shares 
of 1,000 gulden each (801.) and 100 preference shares 
of 5,000 gulden each. Dutch commerce, shipping and 
industrial ox ns are interested in the new under- 
taking, amongst them the Dutch Handels Maatshappj, 
the coal merchants’ association, the Nederland Steamer 
Company, the firm of Wm. H. Miller and Co., the 
Philips Incandescent Lamp Company, the iron firm 
of Stork Bros. and Co., the Holland-America Line, the 
Rotterdamische Lloyd, the Tschwentsche Bank, the 
Rotterdam Bank Union the Verft Wilton, &c. 








PERsONAL.—Messrs. Dudgeon and Gray, Limited, 
conasiting engineers and marine surveyors, 89, Aldgate, 
London, E. 1, inform us that their directors, Mr. rry 
Gray and Mr. T. 8. Hunter, have opened offices in the 
name of Gray and Hunter, Milburn House, Newcastle- 
on-Tyne, and Gray and Hunter, Merchant’s Exchange, 
Bute Docks, Cardiff, as consulting engineers, naval 
architects and marine surveyors, and have appointed 
a staff of resident engineers under the direct supervision 
of Mr. Gray and Mr. Hunter. 





Tue Rarmway Year Book For 1918—We 
received a copy of this year book; it is published at 
the offices of The Railway Magazine at the price of 
5s. net. It opens with a record of some principal events 
in railway history, then gives general information on the 
British railways, rolling-stock, mileage, &c., and reviews 
each railway separately. The information given includes 
the names of Seven and chief officers, an historical 
sketch and general data on the service. A map shows 
the system of each railway company. The book also 
contains particulars of colonial and foreign railways and 
a railway officers’ “‘ Who’s Who.” 


have 





Losses and New Bovurmpimvcs or THE GERMAN 
SuipPinc COMPANIES DURING THE WaR.—According to 
authentic German statistics just published,the German 
merchant navy, on January 1, 1914, counted 5,459,206 
tons; through direct and indirect losses, German 
shipping concerns have during the war lost about 
2,900,000 tons re register, or more than 50 per cent. 
of the total. German vessels now lying in neutral 
ports are included in the losses the losses then amount 
to about two-thirds the whole fleet. On the other hand, 
both the aes companies and the yards have exerted 
themselves during the war to make for these heavy 
losses by building new vessels, and in this connection the 
following particulars may be of interest. The Hamburg- 
America Company has in course of construction the 
Bismarck, 56,000 tons; the turbine vessel Tirpitz, 
32,000 tons ; and three more boats of 22,000 tons each, 
at Hamburg yards. In Bremen, nine steamers are bein 
built, four of which have a —s a, of 18, 
tons each. The Flensburg yard is ding three large 
passenger and cargo st~amers, and two steamers each of 
13,000 tons. The Tecklenborg _—_ Geestemiinde, is 
building two cargo steamers of 17,000 tons each, for the 
Panama Canal traffic Ham 


The South America 
Steamer Company is having built, the Cap 
Polonio, to replace the sunk Trafalgar (18,000 tons) 
four additional cagro steamers at different yards. The 


North German Lloyd builds in Stettin two large fast 


boats, the Columbus and the Hinden » each of 
35,000 tons, further, the Miinchen and the Zeppelin, each 
of 16,000 tons and 12 more boats of 12, tons each. 


The Africa line has six, the Hansa line 12, and the 
Kosmos line ten steamers-in course of construction, 
their sizes varying from 9,000 to 13,000 tons. The 
te of vessels which are being built’ for the large 
medium sized shi, g concerns amounts to about 
950,000 tons, which, ver, will not by a long way 
make up for the losses war, and 





during 
this is why the State has lent a helping hand —— 
the medium of the measure some months ago for 
the restoration of the German merchant navy. 
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OUR NATIONAL ENGINEERING WORKS. 

Next year a balance sheet is to be issued by the 
Ministry of Munitions of War showing the financial 
— of “its productive and operations. It 

ill not be an easy task, but it is well that it should be 
attempted. The Government that instead of 
the proper accounts, which could not be a 
statement should be made in the House of Commons 
Committee of Supply by Sir L. Worthington Evans, 
M.P., Financial Secretary to the Ministry. From the 
official report of his speech we have taken the following 
items and —— them in business order. The figures 
are ‘‘ round ”’ figures in most cases and must, in fairness, 
be treated as information given in speech form. Sub- 
ject to this consideration they throw interesting light, if 
only in occasional rays, on matters of great interest to 


—— 

eral statements are to the effect that: The 
Ministry is the biggest buying, importing, selling, 
manufacturing and distributing business in the worl 
It buys and imports raw materials valued at 
150,000,000. a year, arranging prices, exclusive supply 
and transport with the governments of our Dominions 
and Dependencies. It controls all home coal mines 
not under the Coal Controller; has taken 58 iron 
mines over in Lancashire and Cumberland ; re-opened 
lead mines in Wales and opened coprolite deposits in 
Cambridgeshire. It has financed extensions of 
electric power plant owned by private companies, 
public supply companies and local authorities, the 
total supply having been nearly doubled during the 
war. It is preparing a balance sheet of the current 
year’s operations. 

The ‘“turn-over,’ by which is meant the total of 
sales and inter-department sales, is 2,000,000,000/. 
sterling a year; the “construction sales”’ amount to 
1,500,000,0001. sterling a year. The total expenditure 
is 620,000,0001. a year. The stocks in hand at last 
balancing were valued at 277,000,000/. The annual 
pay roll is 71,000,0001. It is evident that these various 
items are not complete enough to be consistent. A 
value of 1,500,000,0001. sterling could not be produced 
out of an expenditure of 620,000,000/. sterling. Prob- 
ably some figures represent the Ministry’s own trans- 
actions and others the total transactions of controlled 
firms, but there is no explanation of this in the speech. 

The criticisms as to mistakes in financial transactions 
are answered by statements that in the last million 
payments there were only 20 cases of duplicate pay- 
ments, and in an earlier 600,000 payments there were 
300 duplicates. A special investigation was made 
and 10,000,000/. of overpayments recovered, though 
probably most of this sum would have been recovered 
in the usual course. 

The capital used by the Ministry gave rise to much 
question, but the following arrangement of the items 
mentioned may be taken as the final agreed result. 


Fived Capital. 
£ 
50,000,000 
35,000,000 


A. 180 national factories ... van 
B. Advances to contractors for 
buildings and plant 

Working Capital. 
C. Stock in hand and work in 
progress . +++ 275,000,000 
D. Accounts owing by contractors, 
other Government depart- 
ments, and foreign and 
allied governments; less 
owing to contractors «++ 75,000,000 
Total capital = Assets 435,000,000 
Many adjustments would have to be made to find 
the true capital value. B. is properly lent money 
from the national point of view, though it has been 
expended on fixed capital by the borrowers. 


180 National Factories. 


£ 
Total capital invested «+ 50,000,000 
Total yearly output eee 000,000 
Total yearly cee ove «+» 52,000,000 
Total workpeople employed : 281,000. 
Ratio of wages to value of — 17.33 to 100. 
Average weekly wage per employee, 3/. lls. 2d. 


It is probable that the capital in this case is all fixed 
capital and does not include the working capital 
required to maintain supplies of materials and labour. 
Materials, coal, local rates, &c.. cdst 82.77 per cent. 
of the output. Most of these are engineering factories 
of the special repetition manufacturing type, devoted 
to shells, cartridges, guns, salvage repairs, aeroplanes, 
&o. Some may be shell and cartridge filling factories, 
chemical works, &c., but no details on this point are 
given. 





Msrarc Conversion TaBtes.—Messrs. The Hoffman 
Man Co., Limited., Chelmsford, have now 


issued a me conversion table of weights, a of 
which will be to forward to our 
upon table is @ companion to the 


linear metric conversion table they issued same years 
ago. 


INDUSTRIAL NOTES. 

Tue report of the committee appointed to advise 
the Board of Trade ow matters arising under the 
Trading with the Enemy Amendment Act, 1916, 
affords clear evidence of the extent to which German 
trade had penetrated into this country. Down to 
March 19, 1918, the committee dealt with a total of 
960 cases, and they recommended the following 
measures: Businesses to be wound up, or their con- 
tinuance prohibited, 507. Enemy interests to be 
vested in the custodian for sale to British subjects, 95. 
Businesses found not to come within the Act, 95. 
No recommendation, because businesses were supplying 
War Departments (since wound up in five cases), 
No recommendation for special reasons (including 71 
cases of friendly aliens), 174. Contracts with enemy 
subjects or firms cancelled, 58. Contracts not can- 
celled, 7. Of the remaining 12 cases, in one case 
consultation with the Foreign Trade Department was 
recommended ; in 10, beta firasy stands postponed ; 
and in one, an application to cancel a contract was 
withdrawn. In addition to these 960 cases, others are 
still being discovered and brought up for the com- 
mittee’s consideration. 

The report mentions among the cases dealt with 
the Siemens business and that of the Badische Dye 
Company. It adds that the committee have a strong 
suspicion that in many instances British nationality 
has been ——- purely as an armour of defence, and 
it is not at all improbable that the adoption of it has 
been made a condition of financial support. But such 
businesses are not, the report states, within the juris- 
diction of the Board of Trade. If, however, German 
trade penetration is to be fully dealt with, some of the 
cases in which it is carried on by recently naturalised 
Germans would seem to require consideration. The 
business of Ettlinger and Co., dealers in ores and 
metals, is given in the report as a case in point. There 
are two partners in the firm, Ettlinger, a German 
naturalised in 1888, and Bernstein, a German natura- 
lised in 1903; the deed of partnership is dated July 1, 
1910. 

The committee further found that German firms 
carried on their business in a way to avoid the pay- 
ment of income-tax in this country and also to strangle 
British enterprise. The report gives, among other 
illustrations, the case of a company formed in 1897 to 
work certain important electrical patents taken out by 
a British subject, whose relatives held the chief part 
of the capital, the remainder being held by neutrals 
interested in working the patents in France. The 
same patents were worked in Germany by a powerful 
combination. When the patents expired in 1904, 
practically the whole of the capital of the English 
company passed into the hands of the German company 
under the stress of the German company’s competition, 
and a territorial agreement was made, under which the 
British company was restricted from selling outside 
Great Britain, even in British Colonies. The German 
company, having obtained control of the British 
company, and sterilised its power of competition out of 
Great Britain, proceeded to utilise the manufactory 
of the British company for the purpose of undercutting 
@ very important business of a similar kind carried on 
by another British company, until it was forced to 
accept an agreement under which it had to resign 
foreign business, though it still held on to its business 
in the Colonies. 





Speaking last Saturday on Capital and Labour, 
before the Liverpool Branch of the Workers’ Educa- 
tional Conference, Lord Leverhulme said that there 
could be no greater servant of the public and no greater 
servant of the — man than capital. Men 
achieved success, he added, by making the most of their 
opportunities. They talked of the ladder from the 
board school to the university, but they could not push 
the student up the ladder if he did not wish to climb, 
and so far as government was concerned, the Govern- 
ment that gave each of its citizens an equal opportunity 
could do no more. The functions of capital were often 
entirely misunderstood. Fortunes were made only by 
supplying the public better and cheaper than before, 
and the whole of commercial advantage was built upon 
service to one’s fellows. The working man nowada 
aspi to take his share in the management of the 


affairs and management of an industry to. go into the 
Thorough those who had no punta? 6 —_ 
Thorough training was more important in ing wi 

business from the financial point of view than from any 


master, Lord Leverhulme added, was believed 
with enormous powers given him 
autocrat in 





12. | and labour. 


| wages on a higher scale was not an end in itself. Money 
| was only a rate of exchange, and real higher wages must 
| be coupled with cheaper production. 

Lord Leverhulme further stated that higher pro- 
duction did not mean excessive toil, and he decried the 
ca’ canny policy of trade unions. The whole of the 
United Kingdom was suffering from it. It had to be 
paid for by the consumers, and 95 per cent.’ of the 
consumers were the working classes. Chea ro- 
duction, higher wages, and fewer hours of toil were the 
ideal solution of the problem of trade unions to find 
work for their members, and he believed himself the 
time was ripe for a 6-hour day in industry. Trade 
unions must get rid of their wrong ideas of capital 
Capital was only the tool of the man at 
the top, and in using that tool he often had a more 
wretched life than the man working at the lathe or using 
the hammer or the saw. The only policy to benefit the 
worker was to reduce the hours of labour. 





Mr. G. H. Roberts, Minister of Labour, addressing 
last Monday the local Labour Advisory Committee, 
Smethwick, said that the Ministry were dealing with 
the demobilisation question. They had dealt with 
400,000 discharged soldiers, and they were acquiring 
a knowledge of the particular problems which were 
associated with the task of resettlement. He was one 
of those who took part in the voluntary recruiting 
campaign, and he promised that the State would 
exercise help when the men returned to civil life to 
ensure that they were settled as speedily, as smoothly, 
and as satisfactorily as possible, and he wanted those 
pledges to be redeemed. They had now got to prove 
to those men that they were just as much concerned 
with their future life as they were to place them in 
the Army to perform those glorious deeds which made 
one feel proud to be British. There must be a keen 
desire that the process of demobilisation should be 
carried through as speedily as possible, but for his part 
he would prefer to keep the men in the Army even 
longer than they might themselves feel necessary, in 
receipt of pay and allowances and the assurance that 
their wives and children were at least being decently 
cared for, rather than that they should be released 
haphazard and returned to swell the ranks of the un- 
employed. 

The general principle which would guide them was 
to release men proportionately to the industries capable 
of absorbing them. That had already involved them 
in a great deal of inquiry. They wanted to have 
assurance doubly sure that every man on his return 
should feel that there was a human being taking an 
active positive interest in his future welfare. They 
had particulars of every one of the several millions of 
men who constituted our Army, and they knew that 
something like 63 per cent. were in the Army with the 
promise of re-instatement in their original employment 
when released. Approximately 60 per cent. of the 
men who had already been released had returned to 
their old employers, and he was glad to know that the 
—— everywhere were honourably fulfilling the 
undertakings they made to the men. He wanted the 
assurance not only that men were reinstated, but that 
they were permanently resettled. We should never 
tolerate the spectacle we had witnessed after previous 
wars, of scarred warriors at street corners begging for 
bread and boots. That must never again be a blight 
on our country. 

The Government looked to the Advisory Com- 
mittees to see that whenever a man felt that he had a 

ievance it was dealt with, or to advise how it should 

dealt with. When demobilisation proper began, 
added Mr. Roberts, it was going to be a very heavy 
problem, and they would have to see that it was as 
limited in duration as possible in order to place the 
men back into productive work. It was to the interest 
of the State to get the men back and resettled. The 
work of the Advisory Committees would be watched 
with the greatest possible interest. 





Tue CoLours oF TEMPERED STEEL.—At the meeting 
of the Royal Society, held on the 16th inst., a paper 
was read by Mr. A. liock, F.R.S., entitled ‘** Note on 
Certain Coloured Interference Bands and the Colours of 
Tempered Steel.” After alluding to the interference 
bands seen when two rows of posts, &c., or two gratings 
are viewed one through the other, the paper dealt with a 
particular case of ds, namely, that when a plate 
of dispersive material, such as glass, is placed between the 
two gratings, or, which amounts to the same thing, wher’ 
a single grating is placed on a thick mirror, and the inter- 
ference takes se between the grating and its reflective 
image. - "The ds so formed are coloured. - The com- 
position of the colours in terms of primary red; and 
violet is given diagrammatically . means of ll’s 
chromatic triangle for nine examples. - It is noticed that 
ee oe closely 
with t of tempered steel. that the 
colours of tem steel are not “colours of thin 


wee wal and it is suggested that they must be due to 
formation of some material whose, molecular period 
is comparable to the period of light waves and not to a 
structure comparable with the wave-length. 
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THE DEADBURNING OF MAGNESITE} 
AND DOLOMITE. 

An Advance towards Greater Economy of Fuel and I: 
Output in the Deadburning of Magnesite and Dol 
the Burning of Cement.* 

By E. Sreicrr. 

Tuis paper has reference to the “Swiss economic 
kiln, Steiger’s patent,” which is claimed to be the best 
type of kiln extant for the deadburning of magnesite, 
dolomite, lime and cement. It is clearly the kiln to 
whieh Mr. William Donald referred in his recent paper 
on “ Magnesites and Magnesite Bricks.” (See Enain- 
EERING, April 26, page 455.) This particular kiln was 
worked continuously for two separate periods of six 
months and twelve months respectively, and was only 
closed down for want of transport facilities. 

Such a kiln consists of one vertical chamber without 


ite and 





The hottest zone is lined 
other parts with best fire- 
backing of secon fire- 
The material is raised by an electric lift and 
dropped into a eye I bell. It gradually descends, 
passes through the deadburning zone and then through 
the cooling region, and at the bottom gets automatically 
pushed out into a locked discharging hopper. The 
whole process takes about 40 hours, including 3 hours 
in the deadburning zone. 

Air for combustion is supplied by a fan through six 
damper-controlled i at the very bottom, and 
passes upwards through the burned material, becoming 
very hot by the time it reaches the level of the gas 
inlets. A seco system of air flues constructed in 
the brickwork (which heats the air) conveys air about 
two-thirds up the kiln and then downwards again 
to enter t slits just above the gas ports. These 
flues are only used if the interior supply of air should 
become irregular. The gas is generated in a lucer, 
and passes through three flues in the brickwork to be 
heated, and enters the chamber through six porte. 
With good English coal a temperature of 1,700 deg. 
1s attained, practically steel-furnace heat. The 
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ascending gases finally leave the kiln at 150 deg. C., 
a suction fan being used to exhaust the The 
mechanical regulation of the draught and the process 
of calcination give complete control. The novelty 
of the kiln under consideration is the rotator at the 
bottom. It consists of a vertical shaft carrying a 
conical cast steel head with ribs on upper surface. 
Its rotation moves the finished material towards the 
opening, tends to grind any lumps in the calcined 
product, and also by keeping the column in constant 
motion causes the material to descend gradually. In 
general the shaft rotates once in 40 minutes, and wear 
and tear on the head is not noticeable. The head in 
the magnesite kiln has never been changed. The 
automatic and regular working results in an increased 
output of much better and more uniform material. 
The actual output was four times as much as from 
the natural-draught kiln of equal size, and the con- 





“& 


sumption of fuel per ton of finished material was only 


about half as much. The power required kiln is 
only 30 h.p., nearly half of which is for the wo of 
the fans. The economy of labour becomes very 

as the number of kilns increases. 

In a Portland cement kiln, where the temperatures 
are about 1,350 deg. to 1,450 deg. C., producer gas is 
not used, coke or coal being mixed with the cement 
slip. This mixture—the coal or coke being reduced 
to pea-size—is pressed into briquettes, and so charged 
into the kiln, instead of charging fuel and cement slip 
alternately as is customary. This plan is practicable 
Gulag $0 the peuiees peteeting of Gp cle for oons- 
bustion, and any kind of coal or coke may be used, even 
with 30 per cent. of ash, and even 
coal, whereas hitherto only the best 
for cement kilns. At Nice, a local 
30 per cent. of ash has been in for six 
than 4 cwt. of the fuel per of the finished clinker 


7 ft. from the top and 3 ft. in depth, leaving a greater 
cooling space. The waste gases pass away at 150 deg. C. 
The clinker is of a spongy nature, easy to grind, and 
gives a slow-setting cement. Repairs are slight, as 
there is very little to get out of order. It is claimed 
that smaller plants of 300 tons a week and upwards 
can be worked profitably. 





ON THE NEW REFRACTORY AND ABRASIVE 
MATTER CALLED CORINDITE.* 


Par Monsreur ALEXANDRE BriGort, Docteur des Sciences, 
Consulting Engineer to the Ministry of Armaments and 
War Material ufacturers. 


In 1914, a French engineer, Monsieur Noel Lecesne, 
who died lately from the effects of the absorption of 
poisonous gas, manufactured by him for national defence 

, took out a patent for a new process attaining 
the fusing of bauxite in a very economical manner. In 
1916, Monsieur Lecesne filed an ne in England 
for Royal Letters Patent, which was subsequently 
accorded him. 

In the course of the year 1916, Monsieur Lecesne, who 
was even then very ill, had recourse to me to finish the 
trials and essays already begun on those products which 
can be manufactured from bauxite fused by his process. 
I will here briefly a a my studies ay wt industrial 
consequences resulting from tuem, for question 
interests in the highest degree the metallurgic industries 
of the Allies. 

Bauxite, very abundant in the South of France, may 
be summed in two categories: white and red—but 
whatever their nature, their fusion is obtained in the 
same way by the Noel Lecesne process. The composition 
of French bauxite is varied; it contains on an ave 
60 per cent. alumina, about 3 per cent. titanic oxide, 
and 14 per cent. combined water. White bauxite con- 
tains a notable quantity of silica and a small quantity 
of iron oxide ; good red bauxite contains from 2 per cent. 
to 3 per cent. silica, the remainder is iron oxide. 

As an example, I give two analyses of bauxite :— 


White Red 

Bauxite. Bauxite. 

Per Cent. Per Cent. 
Alumina ... al 59-20 60-10 
Combined water ... 14-10 14-20 
Titanic oxide 3°5 3-30 
Silica Wie 18-50 2-85 
Iron oxide ... 4-70 21-55 

The Lecesne process ists in heating in a cupola 





oven a mixture of bauxite and anthracite by blowing air 
into the lower part; before placing the matter in the 
cupola a fire has been made in the lower part. Under the 
simultaneous influence of the fire and the combustion gas 
the bauxite is reduced, aluminium carbide is formed, 
which, in the presence of surplus air, is transformed 
almost entirely into alumina ; heat yer by the 
reaction is such that the mass into ion by 
successive layers—a special cadteivenes revents the 
matter from adhering to the refractory material composi 
the sides of the oven, The operation termina the 
mass is cooled by means of the surplus air, and a vesicular 
fused block is found, in which an immense number of 
small alumina crystals will be seen disseminated in the 
solidified mass. 3 

The products obtained have been subjected to analysis 
after having been freed from the metallic parts by means 
of a magnet. 


White Red 
Bauxite. Bauxite. 
Fused. Fused. 
PerCent. Per Cent. 
Alumina --- 68-80 69-25 
Titanic oxide 3-85 3-70 
Silica eee 21-40 3-00 
Iron oxide ... 5-265 23-35 
Carbon oa pes 0-60 0-50 
Loss on ignition 0-10 0-15 


This fused bauxite has been designated by the name of 
“‘corindite,”’ on account of the crystallised mass of 
corundum. 

White fused bauxite is a very refractory substance. 
Red fused bauxite resembles emery in its composition 
it is a powerful abrasive substance. 


1.—Rerractory Propvots. 


Fusing Point.—The point of fusion of the corindite 
yoepased from white bauxite taken from the Var depart- 
ment is very high; a cone made from this corindite 
begins to melt partially at 1,950 deg.O©. It melts at o 
higher than the bauxite which served to make it. 
This anomaly is explained by the fact that the iron oxide 
which is found in the corindite has passed almost entirely 
into the ferrous state an Na Man ” AleOsFeO is 
formed, resisting a ve i perature. 

Bindere.—The crushed corindite is mixed with refrac- 
tory binders, finely pulverised, such as bauxite, kaolinic 
clay, &c. Binding must be avoided with such bases as 
lime, magnesia, calcined dolomite, &. . . . which 
lower the fusing point of the mixture. The corindite 
and its binder are suitably moistened and m 
mixed; the mixture thus treated is ym oh 
ordi: refractory mixture for the man’ 
firebricks, by hand the / machine. Pom wl > by 
hand, in a soft paste, s' in drying a rom 
1 per cent. to 2 per cent. ; those made anliony do 
not shrink in drying. 

Baking and Shrinkage.—The dried bricks are baked 
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between 1,350 deg. and 1,400 deg. C. ; they undergo no 
shrinkage. Between 1,700 deg. and 1,730 deg. they 
lengthen by about 0-5 per cent. Above 1,750 deg. they 
begin to undergo a shrinkage attaining 3 per cent. at 
1,850 deg. 

Porosity.—The porosity depends on the mechanical 
composition of the mixtures and on the compression, 
it varies from 9 per cent. to 12 per cent. 

Resistance to ear.—This resistance is very great ; 
the product is three and a half times more resisting to 
wear than good magnesia bricks. A lining to rotary 
cement kilns made of agglomerated corindite lasts twice 
as long as a lining made of bricks of non-fused bauxite. 

Action of Slag and Scoria.—Refractory products 
based on fused bauxite are attacked by slag and scoria 
in the same way as refractory matter made from non- 
fused bauxite. The action of slag and scoria is being 
studied and is not yet completed. 

It is now ascertained that corindite products possess 
three essential] qualities :-— 

1. Rofractory powor very high. 

2. Variation of volume almost nil up to 1,750 deg. C. 

3. Very great resistance to wear. 

Therefore the employment of these products will yield 
good results in rotary cement kilns, in gas and heavy oils 
ovens, in coke ovens, &c. 

Following on these results an important French Societ: 
has been constituted for the working of the Frenc 

tent; an Italian Lane has acquired a license for the 

talian patent. It would be of the greatest interest for 
the English refractory products industry to exploit the 
English patent. 

There exist, effectively, in Ireland considerable deposits 
of white bauxite, relatively poor in alumina and up to 
the present useless. Fusing trials have been carried out 
on 500 kg. (4 ton) of this bauxite ; the results were the 
same as with the French bauxite. 

Bricks made from this fused Irish bauxite have been 
tried in England with success. Nevertheless, as Irish 
bauxite is a little less rich in alumina than French bauxite, 
its refractory power is a little lower, but remains far 
superior to that of othor argillaceous refractory matter 
in England. Fused bauxite is therefore veritably a new 
product highly refractory ; it is a commercial product on 
account of the abundance of raw material in France and 
in the United Kingdom, and also b of the ch 
of its manufacture. 





2.—ABRASIVES. 


Red bauxite, fused by the Lecesne process, furnishes 
abrasive matter of very good quality. The red bauxite 
suitable is that employed for the manufacture of pure 
alumina. Red f bauxite is of a composition approxi- 


mating to that of ey If the analysis given above is 
compared with that of Naxos emery, it will be found :— 
Fused f 
Red Naxos 
Bauxite. Emery. 
PerCent. PerCent. 
Alumina se 69-25 69-46 
Titanic oxide 3-70 — 
Silica ee 3-00 2-41 
Iron oxide ... 23-55 19-08 
Carbon 0-50 —_ 
Lime wine per. — 2-81 
Combined water — 5-47 


The percentage in alumina is sensibly the same ; emery 
contains combined water, as alsolime. Now the presence 
of lime lowers the fusing point of emery to about 1,600 
deg. C., whereas red fused bauxite can be carried to 
1,700 deg. without melting. It therefore results that 
with this corindite ceramic wheels of excellent quality 
ean be manufactured at a temperature of 1,500 deg. C., 
which is quite impossible with emery, which is too 
fusible. 

fused bauxite is not as abrasive as natural or 
artificial corundum at 90 per cent. to 92 per cent., of 
alumina, since it only contains 70 per cent. of alumina, 
but it is superior to emery ; it is suitable for the manu- 
facture of special wheels, less hard than those of corundum 
but which have numerous uses in the meta] industry. 





Nicxet-Curome Sreets.—The study of the heating 
and cooling curves and of the structure of nickel-chrome 
steels by various authors has given apparently contra- 
— results. Thus Guillet observed a transformation 
near 670 deg. C. on heating, none on cooling; Grenet 

laced the transformation at 700 deg. or 725 deg. C. on 
coating and at 300 deg. C. on cooling, and Revillon gave 
the temperature of 745 deg. and 550 deg. C. Experi- 
menting with 13 different steels containing up to r 
cent, chromium and 5-5 per cent. of nickel M. Maslott 
(Revue de la Société Russe de Métallurgie, pages 495 to 
515, 1915—the paper has only recently become available) 
found that the essential point in such researches is the 
rate of cooling between 550 deg. and 750 — ay The 
rate and maximum on gprs of the heating has hardly 
any influence, provi the rate of cooling be the same. 
When the cooling rate does not exceed 3-2 deg. C. per 
minute, the transformation of the Ni-Cr steel is practically 
the same as that of the corresponding Ni-C steel free 
from chromium. But when the rate of cooling is raised, 
the transformation temperature is lowered to 300 deg. C. 
and lower and b indistinct, especially when the 
Ni and Cr percentages are fairly high. When the rate 
of cooling comes up to 18 deg. and even 30 deg. C. per 
minute, there may be no transformation at all, and the 





HIGH-SPEED INTERNAL COMBUSTION 
ENGINES.* 
By Harry R. Ricarpo, B.A., Associate Member. 
(Continued from page 590.) 


Volumetric Efficiency.—It is, of course, obvious that 
to obtain the t results from any type of internal- 
combustion engine, every effort must be made to obtain 
the highest ible volumetric efficiency, but at the same 
time it is also of vital importance that the working fluid 
shall be in a state of the utmost possible turbulence in 
order to spread and distribute the ignition. This applies 
with equal, if not with greater force to Diesel engines 
in which the necessary intimate contact of the particles 
of fuel and air is brought about quite as much by the 
turbulence of the air within the cylinder, as by the 
spraying of the fuel. In the author’s experience, 
provided that the air in the combustion chamber can be 
maintained in a state of violent commotion, excellent 
combustion can be obtained even with very indifferent 
spraying. The necessary turbulence can be obtained 
in most cases only by admitting the gas at a high velocity 
through the inlet valve. The problem therefore resolves 


Fig.8. 



























itself into one of obtaining the highest ayn sey velocity 
a the valve with the least possible wire drawing, 


t.e., the nozzle coefficient of the valve openin, 





cent. of the swept volume. (See Appendix III.) Three 
curves are given in the di : (A) showing the highest 
possible efficiency with carefully designed passages and 
ports and the best possible valve setting ; (B) the average 
of a large number of tests of engines with valves opening 
direct into the cylinder heads ; and (C) the average of a 
large number of tests with valves in side pockets. In all 
cases it is assumed that the pipework is short and of 
large diameter so that it causes very little wire-drawing. 

Fig. 9 shows two typical designs of valve port and 
valve opening :— 

1. In a Diesel engine of well-known design, in which, 
in addition to an abrupt o—- of direction before 
passing through the valve, the flow of air is partially 
restricted after its passage. 

2. In a modern high-speed petrol engine. 

The freer entry and better stream lining in the case of 
the petrol engine is self-evident. The design of the 
exhaust port openings is, of course, of less importance 
since the bulk of the exhaust is forced out of the cylinder 
by the positive movement of the piston, while the in- 
coming charge has only the pressure difference between 
the inside of the cylinder and the outside air to tempt 
itin. In the design of the exhaust port, therefore, it is 
well worth while sacrificing the efficiency of the orifice 
for the sake of providing sufficient cooling both to the 
seating and the stem, and to design the head with a 
view to avoiding distortion, hence the difference in the 
design of the two valves shown in the diagram of tho 
petrol engine. 

Piston Design.—tif the individual mechanical features 
of high-speed engines by far the most important is the 
design of the piston, for not only does piston friction 
constitute the bulk of all the mechanical losses, but the 
weight of the piston itself is responsible for a very large 
part of the load on the bearings and for the stresses in the 
engine structure due to opposing couples. The design 
of the piston must be carried out with a view to :— 

1. Dissipating Heat.—This is met by the use of 
copper aluminium alloys, whose conductivity is about 
four times that of cast-iron. 
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2. Reducing Weight.—This, of course, is a question of 
suitable distribution of the material so that the loads are 
transmitted as directly as possible from the crown of the 
piston to the connecting rod and from the connecting rod 
to the cylinder wall. 

3. Reducing as far as ible the area of surface in 
contact with the cylinder walls, é.e., cutting down 
bearing surface where it is not required. 

4. Preventing distortion. 

The conventional design of trunk piston as used in 
most single acting slow-speed internal-combustion 
yo eed is probably about as unimaginative and as 
defective as it could be. In the first place the dissipation 
of heat is catered for by the simple but unenterprising 
method of piling on masses of metal instead of by 
attempting to employ a material with a higher con- 
ductivity. In the second place the whole of the pressure 
from the crown is transmitted through the side walls of 
the piston and thence to the two extreme ends of the 
gudgeon pin, with the result that these walls have to be 
abnormally thick; heavy gudgeon pin bosses must be 
employed which result in distortion, and finally the 





as an orifice, must be as high as penile.” 
that the valve and its pane 
the highest orifice coefficient, the author has found that 
the best all-round Its are obtai 

through the inlet valve is in the neighbourhood of 130 ft. 
per second, With carefully designed valve 

no further restriction or change of direction 
gases have passed 


velocity to obtain a vol 





r the 
valve, it is possible with this 





3 per cent. of the highest ible efficiency, i.e., any 


lower velocity through the valves results in an appreciable 
in the efficiency and power output due to insufficient 
ile any higher velocity results in loss of 


t ce 
volumetric efficiency due to wire dra 


. 


Fig. 8 shows a curve based on the average results of 
a@ very large number of tests of volumetric efficiency 


wi 





peng in terms of stand and temperature. 





structure (generally troostite and lite) b 
altogether martensitic. Thus the costing curve as such 
has no interest. The effect of the chromium, which 
renders the steel harder and more uniform, is not to 
lower the transformation point, but to delay the trans- 
se and to make it dependent on the rate of 
cooling. 





is 
pressure the volumetric efficiency in terms of standard 


pressure and temperature will be approximately 82-7 per 





° Paper read before the North-East Coast Institution 


of Engineers and Shipbuilders at Newcastle-upon-Tyne, 


on April 30. 


Provided 
are designed to give 


d when the velocity 
and 
tric efficiency within 3 per 


cent. of the maximum possible figure, while the degree of 
turbulence is sufficient to give within 2 per cent. or 


t can be proved that if the swept volume of the cylinder 
pletely filled with working fluid at atmospheric 





of the gudgeon pin sets up a further distortion 
of the piston and gives rise to trouble with the gudgeon- 
pin bearing. Itis usual alsoin ee engine practice 
to make the whole length and circumference of the piston 
below the piston rings bear against the cylinder walls, 
though much of this area is useless as bearing surface, 
and merely serves to increase piston friction. In high- 
speed engine design, however, every effort is made to 
reduce the weight and friction, on the one hand by 
cutting down the weight and bearing surface of the 
conventional design to the furthest possible limit, and 
— recently by departing from the more conventional 
orm. 

In Fig. 10 is shown a section of what may be described 
as @ conventional gas-engine piston. Fig. 11 shows a 
ae Diesel engi - piston, Fig. hy —— 

rol-engine piston e same t, in which 
Peight has been reduced to the pn « onloes limit. Fig. 13 
shows a piston much used in high-speed engines and 
known as the “Zephyr”; this piston was introduced 
some six years ago, and has proved a marked success. 
It shows an attempt to depart from convention and 
clearly has many good points. Fig. 14 shows a cast-iron 
piston used Germans in some of their aero-engines. 
Fig. 15, another piston used by the Germans, in another 


type of aero-engine in which the crown and the bosses 
for the gudgeon pin are stamped in mild steel while the 
skirt is of cast-iron. Fig. 16 is a steel piston used in some 
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early English aero-engines prior to the introduction 
of aluminium alloy pistons which are now universally 
employed. Fig. 17 (a and 6) shows a piston designed 
by the author and made in copper aluminium alloy ; this 
iston has been widely used, and has given very satis- 
actory results. It will be noticed that among other 
things the bearing surface is extensively perfora The 
object of this perforation is to allow of the free escape 
of any lubricating oi] entrapped between the surfaces, 
and thus to prevent this oil from being rolled up against 
the — rings ; such perforation is found to have a ve 
mar effect in reducing both piston friction and oil 
consumption. 

Gudgeon Pins.—In nearly al] large internal-combustion 
engines the gudgeon pin and its bearing are a source of 
more or Icss anxiety. In small high-speed engines, 
however, this pin and its bearings seldom, if ever, give 
the slightest trouble. The main reasons for trouble 
in large engines appear to be :— 

- ese oad — piston. 

. ng oO gudgeon pin. 
, 3. Severe average loading due to the heavy inertia 
orces. 

Of these by far the most important is the bending 
of the gudgeon pin due to the fact that the load from the 








piston crown is delivered to it at its extreme ends, and 
- a = less from ~ centre. The author 
ound that by using a very short gudgeon pin and 
delivering the load to it at points as tao to ana centre 
as the connecting rod small end bearing will allow, it is 
possible to employ a very much smaller bearing surface 
—_ a. and a har ae less wear than 
wi conventional long gui pin and very wide 
me mepene ie bearings. r, the wear that takes 
place on the gudgeon pin owing to the small arc through 
which the connecting rod rocks is very local, and therefore 
cannot be effectively corrected by rebushing the con- 
necting rod or taking up the bearings. It is obviously 
=e better to allow the gudgeon pin to float freely 
so that it rotates both in the piston and the rod, as shown 
in Fig. 18. In this case the pin rotates continuously, 
and no local wear takes place, also the pin is 
then carried in bearings throughout its whole length, 
and although the ave Be not reduced pmege 5 the 
actual rubbing velocity is halved, and the amount of wear 
is dependent w the product of the average loading 
and some function of the rubbing velocity. 
Bearing Pressures.—The life and safety of a well- 
lubricated bearing may be assumed to be dependent 
upon the average load factor on that bearing, and by 
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load factor is meant, the average load multiplied by some 
function of the rubbing velocity, for it is this factor 
which controls the temperature of the bearing, and the 
viscosity of yt ee t. bay dealing — 
engines the a r employs for com tive purposes 
a load factor made up of the product of the mean average 
loading and the rubbing velocity. This factor, however, 
cannot fairly be to compare engines of widely 
different , because it clearly lays too much stress 
ing velocity, but it is wsefal as a comparison 
as between various high engines. In calculating 
the load factor, it does not matter in the least in what 
direction the load is applied, whether it is continuous or 
frequently reversed, provided always that the lubricant 
can be constantly maintained and — nn 
i or so 


maximum pressures since they are appl 

a time may, in the case of high be 
ignored provided that they are not sufficient to crush 
the bearing material or seriously distort the journal. 
Now in a high-speed ine the bulk of the on, 
say, the connecting big-end ry due to cen- 
trifugal force, and the inertia of reciprocating 


mass ; the average loading due to pressures is rela- 
tively small. in, the bulk of the loading on most 
of the cranks! main bearings is due to centrifugal 
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pressure set up by the crank-pins, crank-webs, and|say, the connecting-rod big-end bearing of a Diesel| between these two limits. In comparing these load 
connecting-rod beg-end bearings. By concentrating SE gad ages ag sg ora pee engine, all of | factors it should be noted that the gas engine relies 
attention upon reducing the weight of both the recipro- | about 80 h.p. per cylinder, iesel engine running at | merely on a banjo lubricator, the Diesel engine on forced 


cating and rotating parts the average bea 1 
pony 4 reduced to 4 remarkable extent, and it’ is mainly 
ae Gomes 0 ae ee been lightened 
tt the success of the high-speed internal-combustion 
engine depends. It should be noted that the weight 
of the rotating mass is largely dependent upon that of the 
reciprocating mass, for it is this which governs the 
strength and size of the connecting-rod bolts, the bosses 
for which constitute a very large proportion of the 


rotating weights. 
Fig. 11, referred to, shows a Diesel piston 


taken from an engine developing 80 h.p. per cylinder ; 


Fig. 22a. 
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250 r.p.m., the gas engine at 200 r.p.m., and the petrol 
engine at 1,400 r.p.m. The projected area of the crank- 
pins in the three examples are :-— 


Sq. in. 
Diesel engine 94°3 
Gas engine 45-1 
Petrol engine ove ove 11-4 
The average loading on the crank-pin bearing is made 
up of : 


1. The actual fluid pressure in the cylinder. **# 
2. The inertia pressure due to the reciprocating masses. 
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lubrication of a somewhat restricted form, while the 
petrol engine is provided with forced lubrication of a 
much more liberal] nature, generally with an oil cooler in 
series, the quantity of oil rough ings 
being at the rate of from } galjlon to 1 gallon of oil per 
hour per horse-power. 

It might be argued that the life and durability of any 
engine depends upon other parts than the bearings, 
such for example as the exhaust valves and the valve gear 
generally. In modern high-speed engines, however, 
provided that the valve gear is properly designed and 
that multiple valves are used when either the stresses in 
the gear or the heat flow become excessive, and provided 
also that the exhaust valves are seated directly on to 
watercooled seatings and not, as is sometimes the case, 
in detachable housings, then trouble with valves is of 
rare occurrence. ust valves nowadays generally 
require grinding after about the same numbers of hours 
running in either high-s or low-speed engines, and 
breakages have become things of the past. 

The question of balancing and the elimination of 
vibration is, of course, a vital one, particularly in small 
high-s engines, most of which are generally fitted 
to light structures, such as motor cars and aeroplanes. 
In such cases it is customary to employ four or more 
cylinders. With four cylinders and cranks at 180 deg. 
all the primary forces are balanced and the couples 
formed by each pair of pistons are opposed to one another 
so that rho exert a bending moment on the structure 
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of the engine but cause no external disturbance. In very 
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may .be measured in terms of the 
y be assumed that the life of the 
least proportional to that of the 


cases, want weg be 
product of the mean 
d some function of the 





the system and supply of 
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3. The centri rt 
rotating portion o' connecti 
are not all cumulative, but when the n 


1 loading Gen 08, the weight of the 


ecessary 
corrections have been made, the average loading wil! be 
the same when the Diesel engine is running at a piston 
speed of 1,140 ft. per minute, the gas engine at a piston 
speed of 1,000 ft. per minute, and the petrol engine at a 
piston speed of 1,940 ft. per minute (Fig. 22a). 

It is interesting to note as illustrating the importance 
of keeping down the reciprocating and rotating weights 
that in al] high-speed engines wear on the crank-pin 
is eg 3 found to occur on the =a f.e., on 

P 


on the same bearing due to the reciprocating 
and. rotating parts Ts as already stated, however, 
the actual rate of wear does not depend upon the average 
pig J alone, but upon the product of the loading and 
some function of the rubbing velocity. 

ig. 23 shows the load factor for the three engines 
calculated on the basis of the mean loading multiplied 
by the rubbing velocity and Fig. 24, the load factor 
calculated on the basis of the mean iotng sae. 
by the square root of the rubbing velocity. relative 
wear is probably dependent, upon a factor somewhere 





























high-speed engines it is found that the unbalanced secon- 
dary forces due to the angularity of the scampering vats 
cause a serious disturbance. These also ean be ced 
by the employment of the “ Lanchester” secondary 
balancer shown in Fig. 25, on page 623. This consists of 
two rotating balance weights which take the form of un- 
balanced cylinders revolving in opposite directions in 
@ manner that locus of their common centre of 
vity travels and down in a vertical plane, and so 
ances the displacement of the common centre of gravity 
of the four pistons which coincide with the centre line 
when the pistons are on theirdead centres, but falls below 
it at mid-stroke (Fig. 26and27). In six-cylinder engines 
all the primary and secondary forces are balanced, but 
the two opposing couples formed by each group of three 
pistons are very large and exert a severe bending moment 
on the engine structure. This bending moment seldom 
proves actually destructive, but its periodicity may 
coincide with the natural periodicity of the structure 
or some function of it, when severe periodic vibration 
willoccur. This can best be prevented by cutting down 
the weight of the reciprocating parts to the minimum, 
and by designing the structure of the engine as stiffly 
as possible and particularly, with a view to resisting 








bending in a vertical plane. 
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There is yet another and frequently very troublesome 
source of vibration in six-cylinder — namely, 
torsional vibration of the crankshaft. is is due to 
the fact that the end of oa Savtaeet from the 
flywheel is, so to speak, wound up when the maximum 
turning moment is applied to it and released when the 
pressure is released. At certain s this alternate 
winding up and release coincides with the natural period 
of the crankshaft with the result that the shaft vibrates 
excessively and the reciprocating masses which are 
attached to it vibrate with it and impart their vibration 
to the whole structure. Such torsional vibration can 
be prevented almost entirely by the use of the “ Lan- 
chester” Super which consists of a small flywheel 
mounted loosely on the crankshaft and ¢ cted to it 


whole are markedly inferior to ours as ormance 
but this is probably to be accounted for b fact that 
they have placed rapid production and dardisation 


of before any other consideration. B 
conclusion, the author must = for having 
dealt at length with only one feature of mechanical design, 
namely, the design of piston. Unfortunately, the time 
available does not permit of dealing with many other 
almost equally interesting features, such as the design 
of valve gear and cylinder construction. It is, however, 
in the design of piston and its influence on other parts 
of the that the essential difference between the 

and low-speed engine lies. : 
t is not suggested that large gas or Diesel 


* 





ti the medium of a friction clutch as shown in 
Fig. 8. The flywheel rotates at a constant ar 
velocity, and any relative movement of the end of the 
crankshaft results in the slipping of the clutch. The 
damper does not prevent the crankshaft from being 
wound up and released, but it does effectively prevent 
it from continuing in a state of vibration. This damper 
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has proved most effective on high-speed engines, and one 
has recently, at the author’s advice, been fitted to a large 
slow-s six-cylinder Diesel engine which torsional 
vibration of the crankshaft had proved so troublesome 
that the engine could not be used. Since fitting the 
damper this trouble has entirely disappeared, and the 
— is now running quite satisfactorily. 

the foregoing remarks the author has endeavoured 
to show that the modern high-speed internal-combustion 
engine can compare quite favourably with the heavier 
slow-speed type as regards durability and relative fuel 
consumption while its advantages as rds weight and 
space occupied are, of course, undeniable. There is, 
however, an impression prevalent that these small 
high-speed engines required a standard of workman- 
ship, and the use of material that can only be obtained 
at such a cost as to render them almost as expensive as 
the heavier slow-speed type. This is certainly not the 
case. First, as regards workmanship, it is true that a 
high standard of accuracy is required, and above all the 
alignment.of the engine must be beyond suspicion, but 
the accurate manufacture of small parts need not be 
expensive, provided that they are made in large enough 
quantities, in the experience of the last four years 
has served to show that a high standard of accuracy 
can be attained ially without any appreciable 
increase of cost. With regard to materials, it is not in 
the least necessary to provide any fancy for costly 
materials. Crankshafts made from 0-35 carbon steel 
oil- hened are found to be perfectly satisfactory. For 
the valves 3 per cent. or 5 per cent. nickel steel gives 
excellent ts if case-hardened, and for the pistons an 
alloy consisting of 88 per cent. aluminium and 12 per 
cent. copper is serge 4 about the best. This alloy 





the advantage that it is easily prepared and easily cast, 
and it is also suitable for die casting. The rest of the 
—- — ge from the same materials as = 
emplo: in the slow-s type. During tho course o 
the present war the hig agate engine has come into its 
own, and has developed in a most astonishing manner, 
the daily output of this country alone ¢ i 
30,000 h.p. 

The author very much regrets that he is unable to give 
any specific examples of English or Allied engines. 
German engines are all remarkable for their excellent 
workmanshi Son also for the fact that although they 
are built by different private firms in Germany, the design 
of all of them is evidently controlled by some central 
authority, for it is —_————s to note that all the engines 
built in — oe year have almost exactly the same load 
factor on the bearings, the same gas velocity through the 
valves, and the same compression ratio. Each year t 
load faetor and compression ratio are increased, but 
he imcrease apparently takes effect simultaneously in 
all the different types. rman aero-engines as a 


he | lasted fourteen years, those of steel only seven 


ld immediately be built to run at piston speeds of 
2,000 ft. per minute, although this piston s is now 
common practice in petrol engines, many of which have 
to work under the most severe conditions, and without 
any skilled attention. But the author feels confident 
that the piston s of large interna!-combustion engines 
might quite safely be increased to from 1,400 ft. to 1,600 
ft. per minute, with the experience now available, and 




















Fic. 28. 
that without affecting adversely either their reliability 


or durability, provided that designers take advantage 
of the lessons which have been learnt in the study of 
high-speed engines. 
author is very much indebted to his colleague, 
Mr. H. A. Hetherington, who has given most valuable 
assistance in the ag meena of the paper and of all the 
i , and to Mr. Seaton Scott for the preparation of 
the lantern slides. 


(To be continued.) 





Honours to Navat Enotnerrs.—The following 
honours have, with the approval of His Majesty the King, 
been conferred upon naval engineers, among others : 
For Services on the Mediterranean Station: To receive 
the Distinguished Service Cross, Engineer-Lieutenant 
Peter Harvey, R.N.R. Mentioned in Despatches, 
Engineer-Commanders L. J. Watson, R.N., and H. H. 
Ricketts, R.N. For Miscellaneous Services: Mentioned 
in Despatches, Engineer-Commander H. H. Willmore, 
R.N. President of the French Republic has been 

leased to confer the “Croix de Guerre” upon the 
ollowing: Engineer-Commanders E. G. Pallot, R.N., 
and Bertie Prophet, R.N.R., and Engineer-Lieutenant 
John Griffith, R.N.R. 





Corrosion or Water Pires 1x Hovses.—There 
having been many complaints about the rapid corrosion 
of domestic water pipes in Pittsburg, though the con- 
ditions do not differ much from those elsewhere probably, 
the Board of Trade of the municipality decided on an 
investigation, which was carried out by the A. M. Byers 
Company of that city. The house-to-house canvas 
undertaken found little enc ement from the owners 
of private houses, however, and records were collected 
in 125 apartment buildings. It was found, of course, that 
the rusting and corrosion of the pi in flats varied 
greatly with the service conditions, size and thickness of 
pipe, quantity and Ve ye of the water, &. It also 
appeared clear that the corrosion of hot-water Pe 
decreased gradually with the distance from the boiler, 
and that the corrosion was more severe in mains and in 
horizontal lines, both for hot and for cold water, than in 
vertical lines. More striking, perhaps, considering the 
importance of the installation and of the treatment of 
pipes, is the observed similar performance of pipes of the 
same material, and the noted superiority genuine 
wrought iron pipes over soft steel, popularly known as 
ay ht” pipes; hot-water mains of wrought iron 


Brass was found superior to the former material, but not 
sufficiently so to justify the much higher costs of such 
systems. 





years. | could be given, 





CATALOGUES, 

Motor Lorry.—The “ Karrier” lorry with live axle is 
illustrated in a folder issued by Messrs. Clayton and Oo., 
Huddersfield, Limited. A plan of the workshops and 
adjoining streets also appears. 

Traction Engines.—Messrs. Clayton and Shuttleworth, 
Limited, Lincoln, send a small illustrated booklet a 
their various workshops and examples of their oil 
steam engines in fixed, portable and tractive types. 
ploughing and threshing machinery and many addit: 
to their usual products. 

Machine Shop Accessories.—A large number of useful 
accessory fittings are illustrated in a y norma issued by 
Messrs. James W. Carr and Co., Limited, 35, Queen 
Victoria-street, E.OC. 4. These are chiefly for the 
machine shop, and sufficient particulars of size, capacity, 
weight, &c., are stated. Dividing heads, taper milling 
centres, rotatable milling table, thread —s 
electric grinder, surface pla 


» Vices, &c., are inc. le 

Gos Producers.—The Hughes producer is very well 
illustrated and described in a catalogue tevud ‘tee the 
Wellman-Seaver—Morgan Company, Cleveland, Qhio, 
U.8.A. In operation the shell is rotated by gearing, 
and a water-cooled poker is mechanically moved to 
——_ caking and allow free escape of gas. The coal 
eed is also mechanically operated, and all the —_ 
worked out for manty eat rapid production with. li 
labour. The figures of results given show a ification 
of 3,000 lb. of standard bituminous coal per hour, 
a a gas of 168 British thermal units per cubic foot, 
with a pronain dee ie tg cent. ee — $ 
steam consumption 0-17 Ib. per uel; cooli 
—— 20 gallons per minute ; Eeving power soquisel, 
3 h.p. 

Grinding Machines.—Messrs. Charles Churchill and 
Co., Limited, Pendleton, send four cotstogens Going 
with their grinding machines: Universal, Tcol 
Cutter, Internal and Piston Ring and Surface types. 
In all cases sufficient illustrations are given and ample 


particulars of capacity, horse- r suitable 
grindi wheels, &. The Universal is capable of 
external and internal grinding on a great varioty of work, 
including shafts, gauges, cutters, reamers, basen, saws, 
&c., and will grind parallel, taper or surface. 

for work and table are independent, the gearings for table 
and feed are entirely enclosed, and a patented gear-box 


drive is fitted which simplifies the countershafting and 
— ick and convenient command of the operations. 

ool and Cutter grinder is the Universal with 
special equipment for all kinds of cutting tools, including 
milling cutters. Radial grinding at ents can also 
be supplied for grinding concave or convex contours. 
In the Internal t; the work is held on a table which 


provides meas adjustment for itioning to grind 
two or more holes parallel, such as ble cylinders, bu 
the work is fixed while grinding is being done. This 


involves a running motion for the wheel combined with 
a planetary motion in addition to the traversing motion. 
The whole of this complicated movement is worked out 
with accuracy and security, very fully enclosed and 
fitted with extremely simple adjustments and controls. 
The Piston Ring and Surface machine is made with either 
vertical or horizontal spindle. Grinding machines, of 
course, appear complicated by comparison with other 
machine-shop plant. Those who can remember the 
complications of not om | such machines will think 
them a very simple means of doing complex and difficult 
work, and doing it quickly and accurately. 

War Engineering.—Some of the catalogues and booklets 
which reach us, and are very welcome, cannot be fully 
reviewed without indicating the location of what are 
wy new munitions of war works, the 

are old-established ones. ¥.. pe hag two or more 
years a great change has taken place. tate organisa- 
tion of production was not successful, and the Government 
turned to the established engineering firms for help. 
These were fully employed on war work in their accus- 
tomed lines. only way they could meet the Govern- 
ment demands was by erecting new works and laying 
down new plant on a very large scale, and this the 
promptly achieved. mand for ordnance all 
inds and for airplanes, was the most difficult to meet. 
Shell, grenade, mine, bomb and other ammunition is 
capable of production on manufacturing lines and the 
demand was large enough to allow special buildings and 
plant. The organisation of et all this work is 
now under the management of private firms. It may be 
said that airplane and seaplane production has become 
efficient as it has passed into private management. The 
real difficulty is in the organisation and management, far 
more in the work itself. In pre-war times most of 
our large firms were compelled to specialise ; but, instead 
of concentrating on one article, they yo a certain range 
of work going, and thus maintained their character as 
engineers rather than manufacturers. The policy was 
good commercially, as it left them less at the mercy of 
partial trade depressions. It was also good technically, 
as it enabled them to maintain stafts of managers, 
designers and workmen of general experience—men 
who could take up any branch of engineering with skill 
and confidence. These trained staffs, who have had 
little share of public recognition, have been at least an 
essential and distinct element in meeting war require- 
ments. How adaptable they have proved is shown in 
one of the booklets referred to where a firm famous for 
heavy road and farm engines is conducting successfully 
an immense — factory. Many other instances 
ut it is against the public interest at 
present to enter into particulars, or to do more than 
render a vague general acknowledgment of the cfforts 
of these firms. 
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AERONAUTICS. 


114,383. W. E. Chester, London. Aircraft. (3 Figs.) 
August 1, 1917.—This invention rela to landing gear for 
aircraft. According to this invention, the landing gear consists 
of two frames secured to the underside of the fuselage, each 
frame supporting a shaft carrying a landing wheel. The shafts 
are supported in bearings secured to the frames by shock- 
absorbing means, such as india-rubber cords, and the yoy 
are prevented from cyte | longitudinally by means of tie rods 
or by vertical guides on the frames. Both ends of the frames 


























and are held apart b 
ee pieces. Each landing wheel A turns on a shaft 
supported in bearings C secured by india-rubber cords D to a 
frame consisting of two spars E, held together at each end by 
sockets F. The bearings C are secured to the front end of the 
frame by two tie rods G. Each frame is secured to the fuselage H 
by struts J, and the two frames are held a at their front and 
rear ends by distance pieces The struts and distance pieces 
are made of spars of stream-line section, and the parts are tied 
together by stays. (Accepted April 10, 1918.) 


ELECTRICAL APPARATUS. 


114,320. The Electric and Ordnance Accessories Com- 
y, Limited, and J. Etchells, Aston, Birmingham. 
ectro- Magnetic ula: and Switching Devices. 
anuary 3, 1917.—This invention relates to electro- 

ing and switching devices. According to this 

invention, t regulating and switching device comprises an 
electro-magnetic switch of the plunger type, the magnetic circuit 


are connected by struts to the am 7 
distan 











of the operating windings being completed outside the coil or 
colls thro magnetic material and a pole-piece being fixed 
within the coil or coils, which _— is magnetically insulated 
plate so as to produce an external 
hich acts on an arma forming a vil ry 

regulator. The device comprises a base- 
is magnetic iron having a central rec r opening 2. 
operating coil comprises a shunt winding 3 and a series 


winding 4, the coil also having a central brass lining tube. A 
lower end-plate for the coil is formed by a bracket-piece 6 extend- 
ing from the baseplate 1. An upper end-plate is formed by a 
bracket-piece 7 fastened to the baseplate 1. The operating coil 
projects into the opening in the baseplate 1. A plunger 9 carries 
a contact brush 10 which, when the coil is operatively energised, 
connects the fixed contacts 11 and 12. A pole-piece 13 is fixed 
in a non-magnetic ring, which is itself fixed in an opening in the 
end-plate 7. Mounted on a block 15 is a flat spring 16 having 
attached to it a disc or annular plate of soft iron 17, which forms 
an armature. The free end of the spring 16 carries a contact 
which normally makes contact with an adjustable fixed contact 19. 
The spring 16 is normally pressed upwards by a spiral spring 
which is adjustable. The spring 16, armature 17 and contacts 
form a vibratory regulator. The provision of the non-magnetic 
ring surrounding the fixed pole-piece 13 permits of the magnetic 
field of the device extending to the armature of the vibratory 
regulator. The magnetic fleld of the operating coil is completed 
through the baseplate, which is constructed of magnetic iron. 
(Accepted April 10, 1918.) 

114,363. W. T. Henley’s Telegraph Works Company, 
Limited, London, and W. R. Clements, St. - 
Thames. Plug Couplings. (3 Figs.) May 29, 1917.—This 
invention relates to electric plug couplings for detachably con- 
necting flexible electric cables to portable electric apparatus or 
fittings. The invention consists in a coupling comprising a 
centrally-apertured washer & threaded upon the cable f beyond 
the plug body, a ring of —— elastic material / surrounding 
the cable and interposed between said washer and the plug, 
and means for drawing the washer towards the plug. 





a is the 





usual cylindrical plug body, which is faced, at that end beyond 
which the split spring terminals b, b, project, with a plate c of 
insulating material secured to the body a by bolts or screws m. 
The flexible cable f enters a recess g in the plug body a, the 
conductors being led to the binding posts d, d. The bolts m, 
whereof the heads n, m, are countersunk in the plate c, extend 
through the body and through holes in the washer k, beyond 
which the threaded ends of the bolts carry nuts 0, 0, by tightening 
which the washer & is drawn towards the plate ¢ so that the 
latter is secured to the body a. (Accepted April 10, 1918.) 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


114,166. R. P. ,» Burton-on-Trent. Car- 
burettors. (4 Figs.) August 16, 1917.—The invention 
relates to that class of carburettor wherein two valves for 
controlling the flow of air and fuel respectively are mounted 
_— a common axis, and wherein the fuel valve is in the form 
of a taper pivg having in its surface a taper triangular groove 
so arranged with relation to a passage or recess in the plug 
seating as to allow the flow of fuel through the said groove to 
be adjusted, and the air valve in the form of a drum mounted 
on the same axis as the plug, the object of the invention being 
to provide an improved appliance of the type referred to, wherein 
the supply of air and fuel can be easily regulated as required at 
the moment. a indicates the cylindrical casing of the apparatus, 
which is closed at one end b and provided at the other end with a 
cap ec. dis a sleeve or socket fitted into the base of the casing a 
and provided with a conical seating e. /f is the air inlet, and 


Fig. 1. Fig. 
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g the outlet for the combustible mixture. A is the spindle 
provided at one end with the conical plug i which fits into the 
seating ¢, and & is the air valve carried on the sleeve J on the 
spindle h, the sleeve projecting through, and having a bearing 
in, the cap c. m is the transverse or circumferential groove 
formed in the plug i, the groove forming a continuation of a 
groove extending to the lower end of the plug, and serving for 
the flow of the fuel to the groove m. In the wall of the socket d, 
adjacent to the groove m, is a recess n into which the groove 
—_— but which is of such a length that as the plug i is turned 
the groove will be more or less covered by the solid part of the 
socket. The drum constituting the air valve & has in it a recess o 
which co-operates with the inlet /, and is adapted to be adjusted 
with relation to the valve i by means of alever p, an independent 
lever g being applied to the spindle A for adjusting the fuel 
valve i. (Accepted April 4, 1918.) —-e> ake 


105,752. ery, Leichhardt, N.S.W., 
Australia. Two-Stroke Internal-Combustion Engine. 
(7 Figs.) April 18, 1916.—This invention relates to internal- 


P. W. Montgom 


NSS NS. SRA AAAS 


! a : “4 < mi, | 


Fhe a z SSI 


combustion engines comprising a compression cylinder and a 
firi Fyre the pistons of which move synchronously, and in 
whic passage between said cvlinders is controlled by a valve. 





The invention consists in providing in an internal-combustion 
engine, a controlling valve 30 operating in a ported removable 
sleeve or casing 39 located in or near as is conveniently possible 
to the cylinder head (which may be the head of the fir’ 

or a head common to both cylinders if located side by side), 
said valve being mechanically operated, spring returned, 
balanced by a ap 40 operating in said sleeve. The piston 40 
is arranged to butt against the end of the casing when the valve 
30 is closed on its seat so that the pressure cannot get behind 
the piston 40 and a state of Do gp equilibrium exists. Imme- 
diately the valve is lifted off its seat the aperture 41 establishes 
communication between both sides of the piston 40 and the 
valve 30 may close freely. (Accepted April 10, 1918.) 


STEAM ENGINES, BOILERS, EVAPORATORS, &c. 


105,336. Crosby Steam Gauge and Valve Company, 
Boston, U.S.A. (Assignees of G. H. Clark, Melrose Higi 1 
U.S.A.). Safety Valves. (5 Figs.) March 31, 1916.—This 
invention has for its object the provision of means for adjusting 
a safety valve both with respect to its “blow down” and 
“warning.” D is the valve disc and Bis the base. The valve 


base B is provided with two concentric rings W, R, each adjustably 
mounted by means of a screw-thread connection. The rings 
W, R, are so shaped that when screwed up close to the disc 
surface D2 they, with the base B, present a surface lel or 
coincident with the surface D2. The surface D2, curving toward 
parallelism with the valve axis, terminates at the lip d, which lies 
opposite the lip bin ring R. (Accepted April 10, 1918.) 


110,151. General Engineering Company, Detroit, 
i of A. Doble, Detroit, U.S.A.). 

(4 Figs.) September 23, 1916.—This invention 
relates to steam generators and consists in a steam generator 
comprising a number of separate tubular units which each com- 
prise a plurality of tubes 4a having their ends welded to lower 
and upper headers 5, 7, which extend through one of the side 
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walls 2 and are detachably connected respectively to an inlet 
and outlet manifold arranged on the outside of said wall, and is 
characte by forming the upper headers 5 of the tubular 
units of larger diameter than the tubes 4a so that the headers 
can be ag in contact and at the same time serve to space 
apart the tubes of the adjoining units. (Accepted_April 10, 
1918.) 


114,172. F. E. Rainey, London. Water-Tube Boilers. 
(4 Figs.) February 20, 1917.—This invention relates to water- 
tube boilers of the type provided with a plurality of upper and 
lower water drums connected by a plurality of angularly disposed 
tubes. The invention broadly consists in the provision of a 
plurality of bottom water drums 1, 8, 9, arranged. transversely 
of and above the fire-bars 17, one behind the other, so as to form 
an arch over or partly over the grate, and a plurality of top water 
drums 3, 4, 5, 6, the water spaces of which are uaconnecte 
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such upper and lower drums being connected in series by means 
of a plurality of straight riser tubes qateating Oe width 
of the furnace and by straight downcomer tu arranged at 
each end of the drums out of the zone of greatest heat, the arrange- 
ment being such as to ensure a positive, continuous and uniform 
circulation of the water in one direction through both series of 
drum and tubes, the two series of drums being arranged so that 
the tubes connecting same are disposed at an angle. 





April 4, 1918. 





